
POUSF 

IA LANDAU 
ASSOCIATES 

October 24, 2006 

Oregon Department of Environmental Quality 
2020 SW Fourth Avenue, Suite 400 
Portland, Oregon 97201-4987 

Attn: Mr. Tom Roick 

DEPT OF ENVIRONMENTAL OUALITr 
RECEIVED 

^t^ 2 5 Z006 

NORTHWEST RESION 

R E : RECOMMENDATION FOR MODIFICATION OF GROUNDWATER SAMPLING FREQUENCY 

T I M E O I L NORTHWEST TERMINAL 

Dear Tom: 

On behalf of Time Oil Co., this letter provides our recommendation for additional modification of 

the groundwater quaUty sampling and analysis requirements for future groundwater monitoring events at 

the Time Oil Northwest Terminal. This recommendation is based on results from previous groundwater 

monitoring events. We propose that this recommendation be applied to the upcoming fourth quarter 2006 

sampling event, which is currently scheduled to occur in November 2006. 

The sampling frequency reduction recommendations are broken down by the following areas: 

Phase II In-situ chemical oxidation (ISCO) wells. Phase II wells associated with the groundwater interim 

action activities. Phase III wells located in the vicinity of the Main Terminal Tank Farm, and Phase IH 

wells located in the vicinity of the Bell Terminal Tank Farm. The following is a summary by area. 

• Phase n ISCO wells: Two additional ISCO events are planned for 2007, focusing on 
periods of seasonal increases in groundwater levels. The following wells will continue to be 
sampled on a quarterly basis to monitor pre-event and post-event conditions within the extent 
of the pentachlorophenol (rcP) plume in the upper zone: LW-1 IS, OX-IS through 0X-9S, 
and LW-llD. Downgradient concentrations from the plume will be monitored by the wells 
included below for the groundwater interim action. After these ISCO events, we will 
reevaluate the necessity for future ISCO events and future sampling of the ISCO wells. 

• Phase II Groundwater Interim Action: The followirig locations associated with the Phase 
II groundwater interim action monitoring will continue to be sampled on a quarteriy basis to 
meet the requirements for the discharge permit for the onsite wastewater treatment system: 
RW-2, HRW-1, and SDM-1. The storm drain outfall located along the Willamette River will 
be sampled when the Willamette River level is below the elevation of the outfall. In addition, 
weUs LW-6D. LW-9D, LW-IOS, and LW-IOD wUl be sampled to monitor PCP 
concentrations downgradient, or outside the influence, of the interim actions. 

• Phase IK Main Temunal Tank Farm wells: The foUowing nearshore (berra) and shoreline 
wells located on the beach will be sampled on a quarterly basis: LW-35D through LW-39D. 
In additton, wells LW-21S and LW-27S, located within the Main Terminal Tank Farm, will 
be monitored for free product and sampled in the absence of product. The shoreline wells 
have been sait^led for eight quarters between November 2005 and August 2006, As 
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discussed in the Source Control Evaluation Report (Landau Associates 2006), results from 
these wells consistently demonstrate that there is not a current complete contaminant 
migration pathway via groundwater to the river from the Main Terminal Tank Farm Area. 

• Phase III Bell Terminal Tank Farm wells: Sampling of Phase EQ wells located in the Bell 
Terminal has been discontinaed. At DEQ's request, Time Oil will conduct one additional 
sampling event in conjunction with future sampling planned on the adjacent Schnitzer 
property, as long as the Schnitzer sampling event is conducted withui the time frame planned 
for monitoring at the Terminal. 

The fourth quarter 2006 sampling event is scheduled to begin the week of November 13, 2006. 

The currently planned wells are presented on Figure 1. 

We hope that this letter provides DEQ with the information needed to approve the reduction in 

the fiiequency of sampling for some of the wells at the Time Oil Northwest Terminal. We would like to 

implement this reduction for the next quarterly event in November 2006, therefore, we would appreciate 

an approval from you by November 3, 2006. 

Please do not hesitate to call ifyou have any questions. 

LANDAU ASSOCL\TES, INC. 

itebekah Brooks 
Project Manager 

< p y - T > r » - ' ^ 

RB/rgm 

Attachment: Figure 1, Sampling Modification Locations 

cc: Mark Chandler, Time Oil Co. 
Patty Dost, Schwabe Williamson & Wyatt 
Mike Tischuk, Beazer, Inc. 
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Depaiftnent of Environmental Quality 
' Northwest Region Portland Office 

Theodore Rkul^i^osH, Governor 2020 SW 4* Aventie, Suite 400 
Portland, OR 97201-4987 

(503) 229-5263 
FAX (503) 229-6945 

July 25, 2006 TTY (503) 229-5471 

Mark Chandler 
Time Oil Co. 
2737 W. Commodore Way 
Seattle, WA 98199-1233 

Re: Risk Assessment Work Plan 
Time Oil Co. Northwest Terminal 

Dear Mr. Chandler: 

The Department of Environmental Quality (DEQ) reviewed Landau's June 13,2006 Response 
to DEQ Comments regarding the December 28, 2005 Risk Assessment Work Plan (RA Work 
Plan) for the Time Oil Northwest Terminal. DEQ approves the response to comments and RA 
Work Plan. Please incorporate the responses into your preparation of the Risk Assessment. 

Sincerely, 

- = ^ . 1 > ^ . 
Thomas E. Roick, Project Manager 
Cleanup & Lower Willamette Section 

Cc; . Mavis Kent/ Mike Poulsen, DEQ NWR 
Rebekah Brooks, Landau Associates, Inc. 
Patricia Dost; Schwabe, Williamson & Wyatt 
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C ^ V / X J L Nortiiwest Region Pordand Office 
^ - ^ 2020 S'W 4"" Avenue, Suite 400 

'nieodoreKukragosld, Governor Portland, OR 97201-4987 
(503)229-5263 

FAX (503) 229-6945 
TTY (503) 229-5471 

November 21,2006 

Mark Chandler 
Time Oil Co. 
2737 W. Conraiodore Way 
Seattle, WA 98199-1233 

Re: Source Control Evaluation 
Time Oil Co. Northwest Terminal 

Dear Mr. Chandler: 

The Department of Environmental Quality (DEQ) reviewed Landau's Jtme 21, 2006 ^owrce 
Control Evaluation (SCE) report for the Time Oil Northwest Tenninal. We have a few 
comments that should be addressed in revisions to the SCE report. 

Main Tank Farm 
• Section 2.4.4 Other Constituents. The SCE states (in Section 5.1) that materials handled 

at the Terminal did not contain metals. There are elevated metals in the upper 1.5 feet of 
shallow soil that suggest past facility operations have resulted in metals contamination, 
particularly for lead and zinc. Metals in shallow soil are a concem for stormwater 
management (see comments below). DEQ generally agrees -with how the SCE 
characterizes metals in ground'water. 

• Section 5.1, Shoreline WeUs. For this evaluation, DEQ reassessed the 1.5 mg/L arsenic 
backgroimd concentration established for groundwater in the Pliase I and II Contaminants 
of Potential Concem Screening Report. The 1.5 mg/L arsenic concentration was 
calculated as an tipper 95% tolerance lirnit, but is high for a "backgroimd" arsenic 
concentration and does not appear representative of site conditions. The highest total 
arsenic concentration detected in backgroiind weUs (areas generally not impacted by 
facility releases) was 0.017 mg/L. Nevertheless, arsenic concentrations in shoreline wells 
are not elevated relative to the wells used for backgroimd calculations including those 
previously sampled at the East Property. On this basis DEQ agrees with the weight of 
evidence approach to metals in groundwater presented in the SCE report. 

Figure 15 Conceptual Site Model. As marked, the figure suggests that the silt (in yellow) 
is the upper water-bearing zone. The figure should be changed so that the saturated zone 
above and withia the silt layer is marked as the upper water-bearing zone. Also, it would 
be usefiij to represent the shoreline wells on this figure or to have a second cross section 
specific to the Main Tank Farm. A second cross section through the Main Tank Farm 
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would help show that the wells intercept ground'water along the main transport pathway, 
and support the finding that petrOlexmi-related site contaminants are not reaching the river 
above concentrations of concem. 

• DEQ concurs •with the SCE report that petroleum hydrocarbon contamination in the Main 
Tank Farm area appears to attenuate before reaching the river at concentrations of concem. 
Because small amounts of non-aqueous phase liquid (NAPL) are measured in some wells, 
dissolved phase petroleum hydrocarbons are present in groundwater close to the river, and 
nietals are present in groundwater up to and including shoreline wells, groundwater 
monitoring is necessary to ensure that site conditions do not change. The extent to which 
future monitoring will be required should be a consideration in the feasibility study. 
Treatment and/or NAPL recovery in the tank farm source area could decrease the need for 
long-term monitoring. 

Stormwater - General 

Regarding evaluation ofthe stormwater pathway under Sections 3.4 and 3.5 of the report, 
DEQ is requiring a more detailed evaluation of the stormwater pathway as part of 
implementing the December 2005 Portland Harbor Joint Source Control Strategy (JSCS). 
Two recently developed guidance docimients regarding stormwater evaluation are attached, 
Instrucfions for Developing Portlanci Harbor Stormwater Sampling Plans and Summary 
Reports, and Instructions for Developing Portland Harbor Catch Basin SampUng Plans tmd 
Summary Reports. DEQ is requiring stormwater evaluations to be conducted this 2006-2007 
water year. 

Untreated Stormwater 

It is not clear that untreated stormwater fi-om the site encounters no contaminated erodable 
soil, specifically at the terminal entrance. The drainage area that flows untreated to the river is 
not well defined on Figure 17, and it is unclear which soil samples in the site data set 
represent this area that discharges to the river. Soil samples near the tenninal entrance, for 
example G7 and GIO, contain significant detections of polynuclear aromatic hydrocarbons 
(PAHs). If there is a catch basin at the terminal entrance that collects sediment, and there is 
insufficient data within 100 feet ofthe catch basin that shows this area is below JSCS 
screening level values (SLVs) for upland soil, the catch basin sedirnents should be sampled 
and analyzed. The potential for legacy sedimeiit in conveyance lines in this area should also 
be considered. DEQ notes that the July through September 2006 quarterly report indicates 
that sediments are likely present in three storm sewer manholes at the site. 

Treated Stormwater 

For completeness the SCE report should mention how facility wastewater is managed 
(discharge to the City sanitary). Any changes to permitted discharges (1200-C and 1200-
T) since the Remedial Investigation rq)6rt was submitted should be discussed, as well as 
whether imtreated stormwater is covered by the 1200-Z permit. 
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• E'valuation of pennitted discharges to the river through sampling at the river outfall should 
include site-specific and Portland Harbor contaminants of interest (COI). COI not 
inchided in the analytical suite for the existing 1200Z NPDES pennit (e.g., PAHs, PCBs, 
and phthalates), should be included in future monitoring events (a minimum of 4 grab 
samples) to address the requirement for whole water discharge sampling consistent 'with 
the JSCS. Analytical detection limits should be reviewed to achieve SLVs where feasible. 

• Future land use should be a consideration in the stonnwater pathway evaluation. While 
the 1200Z permit and related on-site -water treatment system currently addresses the 
majority ofthe stormwater pathway to the river, these controls may not be required 
depending on the type of fixture industrial use. A review of existing shallow soil data 
indicates that contamination is present at the site that exceeds JSCS SLVs for upland 
(potentially erodable) soil. The need for future stormwater management should be 
acknowledged in the SCE report, and should be a consideration in the site feasibility study 
and a part ofthe site remedy (e.g., a requirement for future maintenance ofthe current or a 
revised stormvrater treatment system under a I200Z). 

Ple?ase call or email me ifyou would like to set up a meeting to discuss our comments. 

Sincerely, 

Thomas E. Roick, Project Manager 
Cleanup & Lower Willamette Section 

Cc: Mavis Kent/ Tom Gainer, DEQ NWR 
Rebekah Brooks, Landau Associates, Inc. 
Patricia Dost; Schwabe, Williamson & Wyatt 

Attachments: 

Stormwater Catdi Basin 
ampNng Plan instr.. ampling Plan insL., 
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INSTRUCTIONS FOR DEVELOPING 

PORTLAND HARBOR 
STORMWATER SAMPLING PLANS 
AND S U M M A R Y R E P O R T S 

OCTOBER 2006 

Portland Harbor Stormwater Sampling Plans 
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This document provides directions for developing and implementing a stormwater sampling 
plan for Portland Harbor upland sites, in accordance with the Joint Source Control Strategy 
(JSCS). Responsible Parties are encouraged to follow this approach when developing 
stonnwater sampling plans and summary reports. In some instances, deviations from this 
approach may be warranted and approved by DEQ Project Managers based upon site-
specific condhions. 

The purpose ofthe sampling effort is to screen stormwater discharges to identify potentially 
significant hazardous substances that could reach the river. This information will be used to 
identify, prioritize, and implement stormwater source control measures to prevent 
contamination of Willamette River water and sediments and recontamination of river 
sediments following the Portland Harbor cleanup. 

DEQ has also developed a separate set of instructions describing the process for sampling 
stormwater catch basin sediments. Catch basin sampling typically precedes stormwater 
sampling and is used to help select analytes for stormwater samples. _ 

Prior to developing a workplan, readers are encouraged to review the JSCS including 
Appendix D which describes the framework for addressing stonnwater discharges, to get 
more complete and detailed infoimation on stormwater issues related to the Portland Harbor 
clean up effort. These documents and other stonnwater resources can be found at: 
httD:/AAWw.dea.state.or.us/nwr/PortlandHarbor/JSCS.htm 

Portland Harbor Stonnwater Sampling Plans 
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Section 1 Stormwater Sampl ing Plan 

Successfiil stormwater monitoring presents a variety of challenges. Rainfall can be intermittent 
and sampling locations may be inadequate or difScult to identify or access. Planning efTorts that 
address the variability of stonnwater mnoff, as well as the technical considerations of sample 
collection, are critical to the acquisition of representative data. 

In 1992, the U.S. Environmental Protection Agency (EPA) published its NPDES Stormwater 
Sampling Guidance Document (EPA, 1992), which provides comprehensive information on 
stormwater sampling. The Washmgton State Department of Ecology (WDOE) subsequently 
published a more user-fiiendly guidance document for industrial fecilities subject to NPDES 
monitoring requirements entitled How To Do Stormwater Sampling (WDOE, 2005, see 
Attachment A). Ihe WDOE document describes the necessary steps and procedures to collect 
stonnwater samples from industrial facilities. Both the EPA and WDOE guidance documents 
may be helpful in designing and conducting stormwater sampling. 

For the purposes of Portland Harbor stonnwater screening evaluations, grab samples will be used 
to identify potentially significant hazardous substances that could reach the river through the 
stormwater conveyance system and pose a threat to Willamette River sediment or water quahty'. 
A more detailed characterization, using techniques such as Event Mean Concentration sampling 
or high volurae sampling, may be required if source control measures do not adequately address 
pollutant discharges identified with the grab sample screening. 

1.1 Sampling Locations 

Sampling locations may be at outfalls, manholes, catch basins, drainage ditches, detention ponds, 
and areas with sheet flow. Each type presents unique challenges to sample collection, but 
selecting sampling locations that represent the stormwater discharge from all areas of concem at 
the site is a critical piec^ ofthe stormwater screening evaluation. Refer to the facility stormwater 
map to identify locations that may contain potential chemicals of interest (COIs) based on 
current or historic operations. Ideally, sampling locations should not include stonnwater flows 
from other facilities or ofif-site areas. 

At some sites, h may be possible to sample "representative" locations^ if those sampling 
locations drain an area with potential sources of COIs that are comparable to other drainage 
areas. If representative sampling locations are used, a justification must be provided describing 
how this is the case. 

Sampling may be conducted in conjunction with other permit requirements (eg-, NPDES stonnwater permits) in 
order to reduce duplicative efforts. 

^ NPDES 1200-Z permittees have selected "representative" catch basins for stormwater sampling, based on the areas 
where industrial activities take place and industrial materials are stored and handled. These selected catch basins are 
identified in the facility's stormwater plan approved by DEQ's Water Quality Program. This information could be 
helpful in identifying representative catch basins but may not be sufficient by itself. For example, the plan may only 
cover a portion of the site, or the selection of representative catch basin may not have included consideration of all 
potential sources of Portland Harbor COIs. 

Portland Harbor Stormwater Sampling Plans Page 1 
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1.2 Stonnv\rater Sampling Frequency 

Stonnwater sampling for screening purposes should include at least four separate storm events 
per year, with at least two ofthe four sampling events representing "first flush" conditions {i.e., 
•within the first 30 minutes of stoimwater discharge for a given storm event). For the remaining 
two events, samples should be collected within the first three hours of stormwater discharge, to 
the extent practicable. 

1.3 Storm Event Criteria and Selection 

Adhering to target storm event criteria will help to ensure that stormwater runoff wdll be 
adequate for sample collection, will be representative of stormwater mnoff, and will be 
consistent with other sites undergoing stormwater screening evaluations. If stormwater samples 
are intended to satisfy NPDES permit monitoring requirements, more restrictive event criteria 
and specific requirements for samples taken during storm events that fall short of expected 
volume or duration may apply. 

Storm event criteria for the screening evaluation are as follows: 

• Antecedent dry period of at least 24 hoin-s (as defined by <0.r' over the previous 24 hours); 
• Minimimi predicted rainfall volume of >0.2" per event; and 
• Expected duration of storm event of at least 3 hours. 

The City of Portland owns and operates a series of rain gauges around the city. Several of these 
rain gauges are located within the Portland Harbor Initial Study Area (ISA). These can be 
utilized to evaluate the antecedent dry period criteria, as well as post-storm event rainfall 
distribution and totals. Rain gauges located in or near the Portland Harbor ISA are listed below: 

fUverpank 

West 

Ea.U 

East 

1 East 

East 

Gaueetlo. 

121 

122 

160 

167 

193 

Gaut-eName. 

fean 

Swm hland 

wra. 
Terminal 4 NE 

Astor Elemenlary School 

339SNWYeonSt. 

2600 H. Going St. 

6543 N. Bvrlingtm Ave. 

llMOH.Lomhca-dSL 

5601N. rale St. 

The United States Geological Service provides online access to the City rain gauges at 
httpy/or. water usas. aov/non-us.as/bes/r3inaaa9 Jnfo/cliclcmap.MmL Rain gauge data is updated 
hourly. 

Weather forecast infonnation can be obtained from the National Weather Service web site at 
httD://AwwTwrti.rH3aa.oeWDar/or by contacting the N^ionalWeatiier Service by phonfr. -Web site -
information includes rainfall observations and forecasts, both of which are essential to storm 
event targeting. Refer to the WDOE guide in Attachment A for additional tips on storm event 
selection. 

Portland Harbor Stormwater Sampling Plans Page 2 
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1.4 Stormwater Sampling Methods 

There are two types of stormwater samples: grab samples mid composite samples. Grab sainples 
are typically collected during a short period of time and characterize the nature of stormwater 
disdiarge at that particular point in the storm event. Some laboratory analyses, such as oil and 
grease, require grab samples to be placed directiy into sample bottles to ensure that the sample is 
not compromised during material transfer. 

Stormwater composite samples are comprised ofa number of discrete individual samples of 
specific volumes taken at specific intervals. Intervals can be time-weighted or flow-weighted, 
and samples can be collected and composited manually or with automatic sampling equipment. 
Composite samples typically characterize stormwater quality during a longer period of nmoff. 
Flow-weighted composite samples are utilized to assess contaminant loading and to evaluate the 
variable nature of stormwater discharges. 

For the purposes of Portland Harbor stormwater screening evaluations, unfiltered grab samples 
will provide the screening level data on which decisions.for fiirther stormwater characterization 
or source control measures can be made. While the screening evaluation only requires one set of 
grab samjples per storm event, collecting periodic grab samples at various times throughout the 
storm may provide useful information on pollutant discharge conelation with rainfall intensity, 
volume, or duration. 

Proper sample collection methods and techniques are needed to collect representative samples. 
Sampling protocols should address bottle handling, equipment preparation, collection methods, 
and sample storage. Basic principles are detailed below. Refer to the WDOE guidance 
document (see Attachment A) or EPA's" 1992 guidance document for more detailed information 
on sample types and collection methods. 

1.5 Field Documentation 

Comprehensive field documentation should be made to aid in the interpretation of analytical 
results. At a minimum, field documentation should include a description ofthe weather - what 
time rainfall began and when runoff was first observed at the sampling location. Sample 
collection information, such as how the sample was collected and any problems that occurred 
during collection, visual sample observations (e.g., sheen, free product, odor), and ahy other 
unusual circumstances that may affect the analytical results should all be noted. Any field 
measurements, such as pH, temperature, or conductivity, should also be recorded on the field 
data sheets. 

Standard sample collection methods and chain-of-custody procedures require basic information 
such as date and time, sample collector, and number of sample bottles filled and parameters to be 

-analyzed. Consult with the amalytieaHaboratory for chain-ofKJUStody forms: 

Portland Harbor Stormwater Sampling Plans Pages 
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Section 2 Site-Specific Stormwatier Sampling Analyties 

Parameters for the initial round of stOrmWater sampling and analysis should be developed on a 
site-̂ specific basis, based on consideration of available information, including the followirig: 

• Site-specific Chemicals of Interest (COIs) 
• Site-specific catch basin sediment data and other available stormwater sediment data (e.g., 

in-line sediment data) 
• COI fate and transport (i.e., would the COI be more likely transported in stormwater in a 

dissolved or solid phase) 
• NPDES pennit parameters and other potential regulatory requirements 
• Available Portland Harbor sediment, surface water, or tissue data in the vicinity ofthe site's 

outfalls or shared conveyances 

Stormwater sample analyses should consider parameters detected in catch basm sediment above 
JSCS SLVs. The absence ofa certain pollutant in catch basin sediments may not warrant its 
exclusion from stonnwater monitoring, but it may support a weight of evidence determination to 
eliminate it from further consideration when viewed in the context of current and historic facility 
operations. 

Various field parameters such as pH, conductivity and temperature can be useful to the data 
inteipretation process. Including these field tests in the analytical suite may allow conelation of 
screening level exceedances to specific operations or runoff characteristics if multiple 
measurements are made during tiie course ofa storm event. 

Sample analyses should be conducted on unfiltered whole water samples and include a 
measurement of Total Suspended Solids (TSS). 

Laboratory reporting limits should achieve the JSCS SLVs to meet the established data quality 
objectives and to facilitate data evaluation in the context of both the site itself and Portland 
Harbor generally. 

2.1 Data Quality Assurance and Control 

The stormwater sampling plan should include or reference a site-specific data quality assurance 
plan that is developed in accordance with DEQ and EPA guidance documents. 

Section 3 Reporting 

Following the stormwater sampiihg event, rainfall and weather information should be 
dociunenled aloiig"with the fietd aSa"sheels;~Tfirs ihfonnatioh~cM be~in^ quarterly'" 
progress report required tmder DEQ's Portland Harbor Volimtaty Agreements or in brief 
summary reports developed for each ofthe stormwater sampling events. The Source Control 
Evaluation or Summary report should include the results of all stormwater monitoring events, if 
the schedule allows. 

Portland Harbor Stonnwater Sampling Plans Page 4 
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3.1 Rain Gauge Data - Samplie Event Criteria Evaluation 

It is not uncommon for rainfall volume or distribution to fall short of expectations. Rainfall may 
have been intermittent when first flush grab samples were collected at different times for a given 
site. Hourly rain gauge data as well as rain gauge totals should be included in the summary 
report, as well as documentation ofthe antecedent dry period (minimum of 24 hours). The data 
should be evaluated to determine whether or not the target storm criteria were met. 

If samples were collected from a storm event that did not meet the target storm criteria but are 
being submitted to comply with NPDES permit monitoring requirements, specific approval is 
required from DEQ to justify die protocol modification. 

3.2 Analytical Results 

Copies of original laboratory reports and chain-of-custody documentation should be submitted as 
part ofthe summary reports of stormwater sampling events. Laboratory results should be 
tabulated and submitted in both hard copy and electronic format (MS Excel is preferred) to 
facilitate interpretation and use of data by DEQ. The tables should clearly identify the sampling 
locatibn(s), imit of measurement, compounds detected, laboratory method detection limits and 
reporting limits (MDLs and MRLs), and SLVs. Detected compounds should be in bold text and 
compounds exceeding SLVs should be shaded for easy reference. 

3.3 Data Summary 

The report should include a summary ofthe stormwater screening results. This should include a 
discussion of chemicals detected, chemicals detected above SLVs and/or NPDES industrial 
benchmarks, magnitude ofthe exceedance, and a list ofany persistent, bioaccumulative and toxic 
chemicals (PBTs) detected. • 

Analytical data should be evaluated in the context ofthe hydrologic conditions that preceded the 
storm event as well as in those that existed at die time of sample collection. Each storm event 
will present unique conditions. In some cases, diflSculties with sample collection may lead to 
samples that are not representative of stormwater discharge from a given basin or facility. In 
these and other cases, results may wanant a more comprehensive characterization of stonnwater 
discharges before the identification of source control measures. 

Portland Harbor Stormwater Sampling Plans Pages 
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ATTACHMENT A 

How fo Do Stormwater Sampling - A guide for industrial facilities 

To avoid excessive printing, we are providing an internet link to this document rather than 
attaching a hard copy. The document is available at: 
http:/Avww.ecy.wa.gov/pubs/021007I.pdf 
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This document provides directions for developing and implementing a stormwater catch 
basin sediment sampling plan for Portland Harbor upland sites, in accordance with the Joint 
Source Control Strategy. Responsible Parties are encouraged to follow this approach when 
developing catch basin sampling workplaiis and summary reports. In some instances, 
deviations from this approach may be warranted and approved by DEQ Project Managers 
based upon site-specific conditions. 

The purpose ofthe sampling effort is to screen catch basin sediments to identify potentially 
significant hazardous substances that could reach the river through the stonnwater 
conveyance system. Catch basin screening data will be used in conjunction with other 
information to develop the list of analytes for whole water stormwater sampling, which will 
follow catch basin sampling at most sites. DEQ has developed a separate set of instructions 
describing the process for developing stormwater sampling plans. 

Ultimately, this information will be used to identify, prioritize, and implement stormwater 
source control measures to prevent contamination of Willamette River water and sediments 
and recontamination of river sediments following the Portland Harbor cleanup. 

Prior to developing a workplan, readers are encouraged to review the Joint Source Control 
Strategy, including Appendix D which describes the framework for addressing stormwater 
discharges, to get more complete and detafled information on stonnwater issues related to the 
Portland Harbor clean up effort. These documents and other stormwater resources can be 
found at: http://wwv\'.deq.state.or.us/nwr/PortlandHarbor/JSCS.htm 

J 
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Section 1 Site Description and i-listory 

1.1 Location: Describe facility location andland uses on adjacent parcels. Include a location 
map showing proxunity to the Willamette River and adjacent sites. 

1.2 Sltie Operations: Describe historic and current site operations (e.g., land use, operations 
and on-site activities, etc. to late 1800's). List chemicals known or suspected to have been 
used, stored or disposed of on the site. 

1.3 Site Activities: Describe ongomg activities at the site and include a site map depicting 
the location of stmctures and activities. 

1.4 Drainage Map: Include a site drainage map showing detailed information about 
stonnwater drainage both on and off the site. 

The map should show all stormwater catch basins, conveyances, control stmctures, outfalls, 
etc., witii arrows indicating the direction of flow in all portions ofthe stormwater system as 
well as the direction of overland flow to the system. Areas of sheet flow directly to the 
river should also be identified on the map where applicable. 

;, - For each stormwater outfall or point of connection to an off-site conveyance system, 
outline the on-site drainage basin or subbasins that contribute stormwater to that outfall or 
discharge point. Include an approximation ofthe surface area of each basin or subbasm. 

• f- If stonnwater discharges to a shared, off-site conveyance system, consult with the system 
owners (e.g., City of Portland, Port of Portland, private property owner) to confirm the 
location of storm lines. 

1.5 Stormwater Control Measures: Describe the types ahd frequency of preventative 
measures (largely Best Management Practices (BMPs)) or stmctural controls implemented 
at the facility to reduce stormwater contamination. 

Section 2 Catch Basin Sediment Sampling Plan 

The City of Portland, Bureau of Environmental Services has developed Standard Operating 
Procedures (COP, 2005) for sampling catch basin solids (see Attachment A). Refer to this 
document for components of an acceptable catch basin sediment sampling plan. Other methods 
or approaches may be acceptable if approved by DEQ. 

.2.1„„Catch Basin.SedimentSamplingLocatlons - — 

Evaluate the facility drainage diagram, Stormwater Pollution Control Plan (SWPCP), and site 
stormwater inspection records to locate; all potential points of entry for sediment into the 
stormwater collection system. Some facilities have multiple catch basins, clean outs, and 
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sediment traps while others may have few or none. Refer to the facility stormwater map to 
identify locations that might be likely to capture stormwater, runoflf containing Portland Harbor 
chemicals of interest (CQIs) based on current or historic operations. 

At some sites, it may be possible to sample "representative" locati'ons' if those sampling 
locations drain an area with potential sources of COIs that are comparable to other drainage 
areas. If representative sampling locations are used, a justification must be provided describing 
how this is the case. 

2.2 Catch Basin Sediment Sampling Frequency 

The objective of catch basin sampling is to get a time-integrated snapshot of potential sediment 
discharge to the river. At some sites, this may be accomplished with a single round of sampling. 
However, multiple rounds of sampling may be needed if O&M procedures (e.g., clean outs), the 
seasonality of activities on the site or other factors could prevent the accumulation of sediments 
the sample is meant to represent 

2.3 Catch Basin Sediment Sampling Methods 

The methodology for catch basin sediment sampling will depend on the stracture ofthe catch 
basins, the expected presence or absence of standing water, and the characteristics ofthe 
sedunent itself (e.g., density, moisture content, grain size). Refer to Attochment A for 
infonnation on sample method selection. 

If the catch basin has a filter sock, sediment samples should be collected from both the filter and 
the bottom ofthe catch basin. This provides more complete information on potential sources at 
the site as well as the effectiveness of the BMP. However, if only one sample is to be analyzed, 
the catch basin sample should be selected. 

The catch basin sampling workplan should address equipment selection, preparation and 
decontamination, collection and handling procedures, and sample documentation. 
Implementation of these protocols will be critical to the collection of representative samples that 
meet the established objectives. 

2.4 Field Documentation 

Comprehensive field documentation should be made to aid in the interpretation of analytical 
results. At a minimum, field documentation should include a description ofthe catch basin (e.g., 
dimensions, constmction, inlets), depth to water, height Of standing water, sediment thickness 
and volume, sediment characteristics, debris, etc. Sample collection information, such as how 

'~NPI5EST2D0-Z'peraiittees have sderted^representatrve'' catch basins fbr stormwater sampling, based on Sie areas 
where industrial activities take place and industrial materials are stored and handled. These selected catch basins are 
idaitified in the facility's stormwater plan approved by DEQ's Wata Quality Program. This information could be 
helpful in identifying representative catch basins but may not be sufficient by itself. For exainple, the plan may only 
cover a portion ofthe site, or the selection of representative catch basin may not have included consideration of all 
potential sources of Portland Harbor COIs. 
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the sample was collected and any problems that occuned during collection, visual sample 
observations, and any other unusual circumstances that may affect the analytical results should 
all be noted. Any field measurements, such as pH, temperature, or observations such as odor or 
sheen should also be recorded on the field data sheets. 

Standard sample collection methods and chain-of-custody procedures require basic infonnation 
such as date and time, sample collector, and number of sample bottles filled, and parameters to be 
analyzed. Consult with the analytical laboratory for chain-of-custody forms. 

Section 3 Sample Analysis 

3.1 Catch Basin Sample Analytes 

Identify the analytes each sample will be tested for. The analytical suhe for catch basin sampling 
is based upon site-specific CQIs and additional Portland Harbor considerations. At a minimum, 
the following information, when available, should be considered when developing site-specific 
COIs for catch basin sediment sampling: 

• Contammants associated with cunent and historical operations 
• Materials stored on site and their potential for release 
• Hazardous and solid wastes generated on-site and their potential for release 
• Knowledge of historical cohtaminant releases (spills, leaks, dumping, etc.) 
• Nature and extent of contamination 
• Facility drainage system and proximity of catch basins to potential contaminants 
• Results from waste disposal characterization of catch basin cleaning solids 
• Compliance history with regulatory permits (wastewater permits, pretreatment requirements, 

air permits, etc.) 
• Stormwater pfermit monitoring results and requirements 
• Available Portland Harbor sediment data 

Note: DEQ is expectmg all sites to include Polychlorinated Biphenyls (PCBs) and phthalates on 
their analyte lists due to the ubiquitous nature of these contaminants in Portland Harbor. In 
addition, sample analysis should include total organic carbon (TOC) and a laboratory sieve 
analysis to quantify grain size. This information is used to help determine whether the samples 
are representative of what's in the system and what's getting to the river. 

Additional information on identifying site-specific COIs can be found in Appendix B ofthe Joint 
Source Control Sti-ategy (JSCS). 
http://www.deq.state.or.us/nwr/PortlandHarbor/docs/JSCSFinalAppendixB.pdf 

-3.2^ Data Quality Assurance^and^Control 

The catch basin sediment-sampling plan should include or reference a site-specific data quality 
assurance plan that is developed in accordance with DEQ and EPA guidance documents. 
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Laboratory reporting limits should achieve the JSCS Screening Level Values (SLVs) to meet the | 
established data quality objectives and to facilitate data evaluation in the context of both the sites | 
itselfand within Portland Harbor. i 

Section 4 Reporting ji 

4.1 Event Summary 

The summary report should compile the field documentation, analytical results, and background 
information. Background information should include documentation of precipitation totals « 
preceding and during sample collection, as well as any field notes generated during the sampling | 
event. This report will be used to identify stormwater sampling parameters and should be |i 
submitted as soon as possible after the receipt of analytical results. \ 

4.2 Analytical Results 

Copies of original laboratory reports and chain-of-custody documentation should be submitted as i 
part ofthe summary reports of catch basin samplmg events. Laboratory results should be 
tabulated and submitted in bofli hard copy and electronic format (MS Excel is prefened) to 
facilitate uiterpretation and use of data by DEQ. The tables should clearly identify the samplmg I 
location(s), unit of measurement, compounds detected, laboratory method detection limits and 
reporting limits (MDLs and MRLs), and SLVs. Detected compounds should be in bold text and | 
compounds exceeding SLVs should be shaded for easy reference. ] 

4.3 Data Summary 

The report should include a discussion of compounds detected, compounds detected above 
SLVs, magnitude of SLV exceedance, and a list of any persistent, bioaccumulative and toxic 

, chemicals (PBTs) detected. While the absence ofa certain contaminantmay not alone wanant { 
its exclusion from stonnwater monitoring, in the context of cunent and historic facility } 
operations, it may provide iriformation relevant to a weight of evidence determination for ] 
whether to eliminate a contaminant from fiirther consideration. \ 

I 

REFERENCES . .. j 
COP, 2003. Standard Operating Procedures - Guidance for Sampling of Catch Basin Solids. \ 

City of Portland. July 2003 ' 

ATTACHMENT A 
Standard QpfratingPtocedures-Guidance fotSamplingnLCatci Basin Solids ._.;.. 
7b avoid excessive printing, we are providing an internet link to this document rather than i 
attaching a hard copy. The document is included as an attachment in Appendix D of the Joint \ 
Source Control Strategy winch is available at: ] 
http://www. deq.stale, or. us/nwr/PortlandHarbor/docs/JSCSFinalAppendixD.pdf i 
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1.0 INTRODUCTION 
1.0 JdMR-Vrv^w 

This, report prcsctits.thc results of the source control evaluation conducted for the Time Oil Go. 

(Time Oil) Northwest Terminal (Tetminial), located in Portland, Oregon (Figuifc 1). Activities at the 

Terminal are currentiy conducted in accordance with the State of Oregon's Hazardous Substance 

Remedial Action Rules (OAR 340-122), underthe oversight ofthe Oregon Department of Enviromnental 

Quality (DEQ) and under the voluntary cleanup program (VCP) agreement between Time Oil and DEQ, 

dated September 9,1995 (DEQ No. WMCVC-NWR-96-07; DEQ 1996). The source contiol evaluation 

was conducted in accordance with the Final Portland Harbor Joint Source Control Strategy (ISCS; EPA 

and DEQ 2005). The data included in die Phase HI. remedial investigation report (RI; Landau Associates 

2005a) and data collected during subsequent groundwater monitoring events were used as a basis for the 

evaluation. 

l.i PURPOSE 
Overall, the purpose ofthe source conuol evaliiation was to determine whether or not the facility 

as a whole is an ongoing source of contaminants of interest (COIs) to the in-water portion of the Portiand 

Harbor Superfimd site at levels that may present risk to in-water receptors. Based upon data collected 

during completion of the Phase IU RI, this source control evaluation considers all known potential 

contammant migration pathways to the river. The evaluation identifies where complete physical transport 

pathways to the river exist and whether these pathways represent current complete contaminant migration 

pathways, Thc evaluation also includes how contaminant migration pathways arc addressed through 

previous or cunently ongoing source control actions. The source control evaluation also provides the 

screening results comparing groundwater concenttations in the shoreline wells against the screening level 

values (SLVs) from, the Table 3-1 of the JSCS and our recommendations, for ^ y future actions telated;to 

source control at the Terminal. Based on groundwater concentrations observed to date in shoreline wells 

along the Willamette River, Time Oil has thus .fer demonstrated there As not a complete contaminant 

migration pathway to the river at concentrations that exceed the JSCS SLVs, as will be supported by the 

contents of'lhis report. The lack of a cunent complete contaminant migration pathway to lhe river is due 

in part to tho successful implementation of thc groundwater interim action system and storm drain 

intercept system for groundwater contamination associated with the historical wood treatment product 

formulation opfetations. 
A more specific objective of the source control evaluation 'was to evalviate the potential for ah 

upland petroleum hydrocarbon source to impact-the Willamette River, A portion of the Stomcc control 

evaluation focuses on the potential for natural attenuation to limit migration of Ught non-aqueous phase 
••-- -"̂  .*-̂  L A N D A U A S S O C I A T E S 
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liquid (LNAPL) from the Main Terminal Tank Farm area to the river using.monitored natural attenuation 

(MNA) parameter measurements and a fate and transport model tiiat takes into account the effects of 

natural attenuation, including both LNAPL mobility and dissolved-phase mobility. A plan for fhe MNA 

evaluation was provided to DEQ on September 15, 2005 (Landau Associates 2005b) and j^iproved by 

DEQ iri a letter, dated October ,11, 2005 (DEQ 2005a). 

1.2 REPORT ORGANIZATION 

This report is organized into the following sections: 

• Section 2.0 Background Information. This section provides a description of the facility 
and its history, as Well as potential onsite sources of contamination, 

• Section 3.0 Potential Migration Pathways. This section provides a description of the 
physical transport pathwa3's and potential contaminant migration pathways' to the river from 
impacted media Onsite. 

• Section 4.0 Summary of Source Gontrol/Removal Activities. This section provides ;a 
description of ongoing source control and source removal activities, as wells as completed 
source control and source removal activities conducted onsite to date. 

• Section 5.0 Preliminary Screening Evaluation for COIs. This section provides the 
contaminant screening criteria used fijr comparison .to site-specific contaminant 
concentrations and the results of the screening process in accordance with the JSCS. 

• Section 6.0 Conclusions and Recoihmehdatioiis. litis section provides our conclusions 
on whether complete contairiiriant migration pathways exist for each of the potential 
migration pathways using the comparison to. JSCS SLVs and other weight-of-evidence 
information. 

" Section 7.0 Use of This Report. 

• Section 8.0 References. 

• Appendix A: Monitored Natural Attenuation Evaluation. This appendix provides a 
description of the,,monitored natural attenuation evaluation, mcluding an evaluation of the 
MNA parameter measurements and the results ofthe fate and transport modeling. 

C/2iy06 \'\Edini3ata'ipr6jecti\231\009^JeRnl>R\Somd= Control Eval RcporfiSoufiie Caltrd Evaluation Report 0-20-06,dde 
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2.0 BACKGROUND 2 0 B A C K G K U i J i - -
u TM^iiialforuscinmakingasourccCntrol 

decision under tiie Ji>v.» v contamination at the 

.operational hi.sto,:>'̂  P ° - ^ ^ ^ ° " " ^ ° 
contaminarits of interest. 

, 1 SITE WSCWPTION AND HISTORY , ^ , ^ . ^ , ^ y < . ^ 

. - Oil Time Oil ceased operations a. *= TonMn ^ ^ ^ „ ^ to=.u,y. S.n<̂  
^ Time Oil. Time ^,^ ^ _^ ^ ^ ^ ^ . „ Tennmal P ^^ ^ ^ ^ ^ ^ , ^ 
Tenmnal was ope»led by ^ ^ ^ ^ ,«„, ,e. and <l.s , „ ^ , ^ 6 o f 

^ . ^ . o n s b e ^ , * . • ' " " • ; ' X ^ „ , ^ Oil leaded t a ^ * a « . . Cosby ^ ^ ^ " ^ , „ ^ , 

l a s . Oils, and . e K o p p e . ^ 2 1 - _ ^ ^ , ^ „ , ^ , „ , . d , . a » e . ^ ^ ^ ^ ^ ^ 

fc„„>.a«cn»dblen.bngof^.^J _ ^ ^ ^ ^ ^ ^ , ^ S . e U , n s 3 4 a ^ d 3 5 ^ ^ ^ 

" ^ „ , . . . . . . * 1 . ^ - — — ^ . : . . b l e n d . a n ^ ^ ^ ^ ^ ^ 

ipment fron, 196' '» \ ^ „ a s located in the apposmale eenlet i,i„gand 

« • * - - ' ^ « " " X Z s o i ^ o f .be .areb^se l^nnerl, ^ ^ ^ ^ X ^ ^ ' ^ - ^ - - " 

. . . . ™ e r V C P « . b c n s e . - . ^^^^^^^^^ ^̂  ^ „ , ^ ° ^ ' " " d t o c . = ^ » - • ^ ^ ^ 

aomge » ! « * > « • » « "̂  ^ . , a e d w i t h i n * e f o m i e , I > C P n , . ™ e » ^ ^ " ^pproKunatelV 

- ^ ^ L T : r r r . e .oner K P — - ^ ^ ^ ^ ^ ^ 

:n::r.:ae^»r::::rra:^-'----^ 
PCP concentrations in » « are sbown on Figure ^ „ „ « s o c . r . s 
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,. frmer PCP mixing, area in 19S9 and 

*= . w a n « ^ f ^ : ^ ^ ^ ^ ^ „ . ( U n d a n Associa«s.003a), 

CompMon Report, Pbases „,„oreBATIO«s 

, ^ , . O K M » * « A , . T « - F * « M A » A - » A s s o a . ^ ^ , „ ^ , „ , Tan. Fann 

^o^awatcr intercept systammflre eas t , 

onsite «aste«ater«,a.men.sy^-

„ , , «BMC^T*NKFABMABEA « » . « « " = ^ ^ 

V a o o n s p e . . l e n . . o d n . " e „ ^ - — : : : a r » . e a . ^ 

— T C — - - - - -*'" ̂ ^̂' "^ 

impacted so. . - - « « 7 ^ ^ ^ ^ ^ . ^ ,.„,.s fbr confi»anon s.1 s ^ _̂ ^̂  ^ 
^cility. formerl, located n. Portlan ^ ^ ^ ^ ^ ^ ^ ^ „ , „ „ „ d « ^ e 

, « a n d . d e s o f t b e e « c a . ^ o » - » - J ^ ^^^^^^ , „ ^ f„ f t J ^ S T ^ m b v . Si« 
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„ b s . a c a » . - ^ - - - r : ^ - » - - ' ^ T " ^ ^ ^ 

occupants of the aaj u™,t 2000 No speatic spiUs or iccu« 
^ , . » i m a t e l y « y e a . s . e n d . n s m * - ^ » ^ ^ ^ ^ ^ , , ^ ^ ^ , ^ . , e b e e n r . p o r . e d . 

^ o r alo«g*e western p r o p e m l x - - - ' 

, , 4 F O K M E B C B O S B V * O V . H T O . I « « A R . . „ „ ^ , , ^ . t „ , m e . P C P m . ^ n s 
, . . .oner Crosby . Overton Tab. area w a s ^ ^ - ^ ^^^, ^ ^ , , , ^ , o Crosby . 

UworoprevronslystorcdittxvoASTsftomW ^.^ (^ank 38009), removed 
^wbcrewaslcorlswcropre j ft„,„ te area. Anoflrer AM ( j ^ ^ ^ ^ t 

Overton. T.e tan^ -^ve ^ - ^ ^ r ^ Z . es.blis,«d,..n « , a, a « - ^ " ^ ^ ^ ^ , „ „ 
d«in» Ibe Pbases IM removal - - ^ ^ ̂  ^ ^ ^ " - " , t ; , " l ^ - -paCedby 
acuvities tor * e «.n»er soil stock ,__^^^_^_^^^^„,„ o » > ' " , 

C . s b y . O v e r t o n . n V a ^ m - « - ^ _ ^ ^ ^ ^ , ^ ^ ^ ^ ^ ^ ^ ^ 

i 1 5 EA^.raoPE«TVBO«.VIAVS ^^ ^^^^^^^ -, , ^ ^ y and 

" • . . Bast Property are. = » - - : - ; t ; n : : r : m - , a . » n on * e ^ - P -

,ppK,:oma.ely 100, 5. ' ^ ^ ^ aea. and fcm.er small stodtple. i ^ . p „ s e n c e 

tanda. ^ - » ^ ^ ' ' " ; ^ , ^ 1 * n b f t d and appeared .0 be r e l ^ ^̂  ^ ^ ^ ^ , 
of cPAHs in snrftcal soils M 4,^ laa 1960s tbrougb 1970s. P ,^,{Jlof 2002. 

,oeamen.edinbis ror ica l . r ia lp—^^^^^^ 
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t a PHYSICAL HYDROGEOLOGIC SETTING 

Based on similar geologic soil types and hydrogeologic characteristics, four principal near-

surfece hydrogeologic units have heen identified at the Termmal. In descendiiig order from ground 

surface, these units mclude: 1) an upper zone, 2) a confining unit, 3) a lower zone, and 4) a deep sand 

unit. Depending on the continuity ofthe confining unit, the hydrogeologic units can act as distinct aquifer 

ii'riits with uncorî fmed coriditioris in the upper zone and confined to semi-cohfincd characfcristics iri the 

lower zone, or act as a single unconfined aquifer (beyond the westem, extent ofthe confining unit). 

The upper zone at the Terminal consists of fine to medium sand and occurs va the surficial fill 

material and alluvial .sands. The lower zone consists of a fine to medium sand to silty sand with multiple 

discontinuous interlaj'ers of silt up to 6. ft thick, and occurs in interlayered river channel and overbank 

-deposits. The upper and lower zones are separated by a silt confining unit across most ofthe Terminal. 

The silt unit consists of material that, is characteristic of natural river overbank deposits and varies in 

thickness across the site fi'om less than ,1 ft to about 30 ft. The confining unit is thickest in the eastem 

portion of the Main Terminal Tank Farm area arid thc Bell Tenninal Tank Farm area, and thins as it 

.extends westward in the Main Terminal Tank Farm arca toward the river where it eventually becomes 

discontinuous and no longer acts as a confining unit between the upper and lo-wet zones. 

Based on the hydrogeologic data fpr the Terininal, groundvyater flow direction in the upper and 

lower zones is toward the Willamette River. Groundwater elevatior^ measured during fourth quarter 

2005 for the upper zone and lower zone are presented on Figures 7 and 8, respectively. Groundwater 

elevations at die Tenninal in both the upper and lower zones vary seasonally, but the groundwater-flow 

patterns prcsented for die fourth quarter 2005 event are representative of typical historical observations. 

During fhe fourth quarter 2005 and historically, groundwater elevations indicate that groundwater fiow in, 

the upper zone is generally to the west-southwest toward the Willamette River across the Main Tenninal 

and Bell Terminal tank farm areas, A locaUzed south'ward shift in groundwater flow in the upper zone; 

which has historically been apparent within and downgradient of the fomier PCP mixing; area, appears to 

be due to the influence of tiie east-west trending storm drain located about 170 ft north ofthe southem 

property boundary. Groundwater elevations ia the lower zone are influenced by diumal river stage 

fluctuations and groundwater flow from the upper zone to the west across the confining unit boundaty-. In 

the area where tiie confining zone is absent toward the river, ground elevation contours indicate that 

pumping of recoveity' well RW-2 has modified groundwater flow in the lower zone in proximity to die 

pumping well, as described in Section •4-2.1. Groundwater flow in the lower zone outside tiie well RW-2 

captutiezone is generally west/south'vs'est toward the Willamette River. 
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Terminal Tank Farm arcas and associated loading rack and petroleum handling areas; 3) storage of waste 

oils in tanks in the fonner Crosby & Overton area; 4) "oiling" of roads (likely for dust suppression) on the 

East Property; aad 5) unknown sources alorig the westem property boundaty ofthe Bell Terminal Tank 

Faim area outside the tank farm wail and on the adjacent fonner Premier Edible Oils (PEO) property to 

the west. Contaniination to soil ori the East Property- has beeri addressed through a soil remedial action 

and the soil to groundwater pathway has, been effectively ehminated. Because DEQ has issued a 

conditional NFA deternunation for the East Property portion of the Terminal, further discussion is 

focused on the other areas of the Temiinal, 

Upland COIs discussed below were identified by consistent detections of constituents based on 

soil data collected during various investigations, quarterly groundwater monitoring results, andhistorical 

site opeiations and uses in upland areas of the terminal. The data summarized in the foUowing sections 

were presented iri the Phase, Ili ^ report (Landau Associates 2Q65a) and the most recent groundwater 

monitonng and groundwater interim action status reports (fourth quarter 2004 through fourth quarter 

2005; Landau Associates 2005c,d,e,f; 20,06a). Monitoring v/ell locations are shown on Figure 3, A 

summary ofthe most recent quarterly results (fourth quarter 2005) is included in Table 2-1. For the 

purposes ofthe source control evaluation, upper and lower zone contaminant concentration maps for 'the 

fourth qiiartcr 2005 event have been combined except for chromium and copper (Figures 9, arid 11 

through 14). Smce groundwater from both zones combine beyond the extent of the confining zone into a 

single water-bearing zone, these maps represent the combined concentrations of contaminants that, have 

the potential to migrate to the river. 

2.4.1 FORMER PC? MIXING AREA AND W AREHOUSE 

Two source areas for PCP-related contamination (e.g., PCP by-products and dioxins/ fiuans) have 

been defined at the Temiuial. These areas are tiie, former PCP nuxing area (including die area below die 

former PCP warehouse) and thc northwestern portion of former Crosby & Ovcttbn tank arca (Figure 2), 

The primaty contariiinant of concem resulting from the historical blending of specialty wood treating 

products is PCP. As discussed in die ?1 report, releases of PCP,, carriers, additives, and PCP formulations 

to soil in the PCP mixing area appear to have .occurred during, the mixing operations-. These releases 

resulted in the primatyi source of PCP contamination (and related constituents) to soil in this area with 

historical PCP soil concentrations exceeding 100,000 mg/kg.- Based on historical upper and lower zone 

groundwater data, the former PCP mixing area was also identified as a significant or primaty source of 

PGP contaniination to groundwater with historical concentrations in the upper zone exceeding 

60,000 p-g/L. PCP concentrations detected in the lower zone have been as high as 18,000 pg/l^. Based on 

the magnitude df PCP detections iri the soil and groundwater in and downgradient ofthe PGP source area 
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and information about the PCP formulations, there is, the possibility that free-phase PCP (dense non­

aqueous phase liquid (DNAPL)] with a canier was used, providing a potential residual source of PCP. 

However, to date, there has been no direct observation or evidence df DNAPL at the Terminal. 

Gontaritinated soil was removed front tiie forriier PCP mixing area and below die footprint ofthe 

former PCP Warehouse during a soil removal actiori in the fall of 2002. Where possible, soil exceeding 

PCP concentrations of 5 mg/kg was removed from these source areas for offsite incineration and disposal. 

However, soil containing PCP coricentrations above 5 mg/kg still remains in some areas, mainly at or 

below the water table (Figure 4). An interini remedial action using an in situ chemical oxidation (ISCO) 

remediation technique is cunently being implemented to address PCP-impacted soil and groundwater 

both in and downgradient of these source areas, as discussed further in Section 4.2,3. 

The most recent groundwater analytical data (fourth quarter 2005) indicate that six wells 

contained detected PCP concentrations ranging from 0.852 to 2,060 ng/L. The highest concentrations 

were detected in the samples from wells 0X-7S and 0X-8S [2,060 and 377 M-g/L, respectively], located 

wifhin and downgradient ofthe former PCP mixing area. 0X-2S was not sampled during fourth quarter 

2005 due to die presence of product ih the well (0.07 fltiiickness). 

Dioxin and fiiran analyses were performed on grouridwatcr samples from vvells OX-IS, 0X-6S, 

and RW-1, which are located within and downgradient ofthe former PCP mixing area during die fourtii 

quarter 2005 event. Results 'from these analyses indicated concentrations, as total equivalency quotient 

(TEQ), ranged from 2.54 x 10* nanograms per Hter (ng/L) (RW-1) to 1.95 x 10' ng/L (0X-6S). 

2.4.2 TANKFARMAREAS 

Three primaty' source areas for diesel-range and gasdluie-range' petroleurri hydrocarbon 

contamination (and related constituents)- have been identified on the Terihinal properfy based on 

concentrations of these contaminants detected in. soil and groundwater. These areas include the Main 

Terminal Tank Farm area, the central portion of the Bell Terminal Tank Farm area, and an area along the 

westem boundaty of the Bell Terminal Tank Farm area. Another source area appears to occur 

downgradient of tiie Bell Tenninal Tank Fann area on the former PEO property where significant 

historical releases have been documented in the area ofthe former diesel AST .̂ 

Contaminants in sbO. and groundwater at the Termiftal associated with petroleum, storage and 

handling operations include mainly petroleum hydrocarbons, PAHs, and VOCs. The presence of these 

contaminants is consistent with the historical uses ofthe Tenninal for bulk storage of petroleum products. 

The graphical results presented in this document focus on VOCs (benzene and ethylbenzene) because 

these constituents are related to fonner petroleum operations at the terminal, have been detected at 
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Unquantifiable leaks along, pipelines conveying petroleum products may have also provided a 

source for the pefroleum hydrocarbon contamination in sofl and groundwater in this area. LNAPL has 

been observed at locations within the Main Terininal Tank Farm area in the area ofthe 1994 spiU and, 

mofe recentiy in the central portion of the Main Terminal Tank Fami, area, which is likely related to 

periodic leaks aloiig conveyance pipelines. To a lesser extent, inadvertent spills hear the loading rack and 

entrance to the Terminal may have occuned during truck loading/unloading arid may have provided a 

source of petroleum products to soil and groundwater in tiiis area, LNAPL occurrence in ihe Main 

Temunal Tank Farm area is discussed in more detail in Section 3.3. Thc well locations where LNAPL 

has been observedhistorically and currentiy are shown on Figure 10. 

As sho^\ll on Figures l l and 12, the maximum concentrations of benzene and ethylbenzene were 

observed in wells P (2,470 p,g/L) andN (131 ng/L), respectively during the November,2005 event. The 

most elevated berizene concentrations were observed in an area where the 1994 gasoline spill occuned, 

and where LNAPL has historically been observ'ed (Figure ,10). Elevated ethylbenzene concentrations 

were also observed in this.area arid in two otiier areas. These t\vo other areas, located within and near the 

southeast comer of the Main Tenninal Tank Farm area, although adjacent, are likely associated with, 

separate historic activities at the temiinal, (Figure 12). Tlie plume to the west, including well LW-8S, is 

likely associated with spflls related fo former pefroleum operations within the Main Terminal tank farm 

area. The plume io the east, including wells RW-1 and LW-llS is likely associated with canier fluids 

used with PCP during wood freatment formulation activities within the former PCP niixing area. This 

interpretation is supported.by the results for a product sample collected fi'om weU LW-flS in November 

2000, which contained 3.2 percent PCP in addition to other petroleum constituents, versus thc results for 

the product samples collected froih wells LW-21S and LW-27S in April 2004, which contained only 

pefroleum constituents (e.g., gasohne-, diesel-, and motor ofl-range TPH). Also, the plume in the area 

around well LW-8S appears to be associated with the fOrnier petroleum operations in the Main Tenriinal 

tank farm area because upper zone groundwater flow in this arca is to tiic south-southwcst and 

constituents originating in the former PCP nuxing area (e.g., PCP) have not been, observed at well 

LW-8S, 

2.4.2.2 Bell Terminal Tank Farm Area 

No past releases iri die Bell Terminal Tarik Farm area or alor^ the westem property boundary of 

the Bell Terminal have been reported. Rcported releases have occurred on tiie fbmier PEO property 

located downgradient ofthe former Bell Terminal Tank Farm area. In thc mid-1970s, the westem portion 

pf a conveyance pipehnc that was used to convey pefroleum products was demolished by Schnitzer 

during construction of the former PEO facility while still in use and containing product. This pipeline 
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Despite the differences in TPH concentrations, benzene and ethylbenzene have not been detected 

in the BeU Tenninal Tank Farm area above laboratoty' reporting limits during the last five quarters of 

groundwater rrionitbring. 

2.4.3 FORMER CROSBY & OVERTON TANK AREA 

In tiie former Crosby .&. 0\'erton area, PCBs and cP AHs are the primaty contaminants of concem 

due to apparent releases to soil during stores and removal of the ofl historically stored in tanks or 

cleaning of tanks in this area. Contaminated soil was removed fi^bm depths ranging froni 0.5 to 2.5 ft 

bclo'w the. ground surfece (BGS) froin this area as part ofthe rcriibval actions for, the East Property arid 

former PCP mixing area in tiie fall of 2002. PCB and cPAH contamination appeared to be Umited to 

surfece soil in die former Crosby & Oveiton source area. l»5o impacts to groundwater have been obserx-ed. 

in tills area. The residual concentrations of PCBs attd cPAHs in soil are shown on. Figures 5 and 6. 

2.4.4 OTHER CONSTTTUENTS 

In addition tp the COIs associated wttii operations at the-Terminal, metals, mcluding chromium, 

copper, nickel and zinc, have also been observed In groundwater. As shown on Figures 13 and 14, 

elevated concentrations of chromium and copper were observed in an area extending frpm the central 

portion of tiie Main Terminal tank farm area toward the nordi property boundaty, at LW-llD and at 

LW-IOD (fot copper only), and at two locations in the Bell Terminal tank ferm area. Based on 

knowledge of historical operations at the Terminzd, the presence of metals is unlikely related to terminal 

operations. As described in more detafl in Appendix A, reducing groundwater conditions likely exist over 

most of die upper arid lower zones with more oxidizing conditions occurring during periods of river 

recharge at locations closer tb the river and at locations outside tiie area v,'here pefroleum constituents are 

observed. Also, biodegradation is likely occurring or has historically occurred within the dissolved 

pettoleum plumes within both grouiidwater zones. The presence of metals in lower zone grdundw.atef 

does not appear to be directiy related to die presence of petroleum constituents and reducing conditions 

resulting from their biodegradation, because a conelation can not be made between petroleum constituent 

and metals concentrations. For example, gasoline- and diesel- range hydrocarbons, benzene, toluene, 

ethj-lbenzene. and 'xylenes (BTEX) are not detected in the lower zone at the same locations where metals 

concentrations are greatest (e.g., LW-35D, LW-27D, LW-ID, etc.). 
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3.1.1 PCP MIXING AREA 

The majority ofthe contaminated sofl from the former PCP mixing area and former soil stockpile 

area has been excavated and disposed offsite. However, at the conclusion of sofl removal activities, 

residual amomits of PCP at concentrations greater than 5 mg/kg still remained at deptiis typically at or 

greater than 13 ft.BGS (the approximate water tabic elevation) within and directly adjacent to the mixing 

area. ISCO injections conducted within the fonner PCP mixing area are likely to have further decreased 

the residual concentrations (see Section 4,2,3.) 

PCP formulations were likely introduced into the environment through spills of PCP-containing 

NAPL directiy onto the ground surface arid sub.scqucrit migration thrdiigh.thc subsurface to groundwater. 

Historical information indicates that most of the PCP fortnulatibns were less dense than water 

(i.e., specific gravity ofiess than 1) and, therefore, would nugrate dirough the environment as LNAPL; 

however, at least one fomiulation had a density' greater than 1 and could move as DN.APL tiirough, the 

subsurface, LNAPL has been observed in wells LW-11S,.OX-IS, OX-2S, and 0X-3S, which are located 

downgradient from fhe PCP mixing area. DNAPL has never been observed. 

Elevated levels of PCP in the upper zone and lower zone groundwater at the Terminal indicate 

that P C P has partitioned fixnn the soil and/or NAPL into the groundwater. PCP has been observed in 

groundwater in both zones in and to thc south and southwest (downgradient) ofthe former PCP niixing 

area. Historically, low PCP concentrations have also been detected within the deep sand unit near where 

well LW-12D2 was previously located vvithin the fonner PCP mixing area. The. available data suggest 

that the primaty source of the groundwater contaniination in the upper zone results from partitidriirig of 

PCP from thc residual amounts remaining in thc soil within and adjacent to thc former PCP mixing area 

and subsequent advective migration from this area, or from partitioning of LNAPL that has migrated 

downgradient from the PCP mixing, area^ong the vfater table surface. LNAPL in the downgradient weUs 

has not been obsen;ed consistentiy or over a wide area and is typically associated, with very low seasonal 

groundwater levels. This inconsistent occunence suggests that the LNAPL exists most ofthe year in a 

residual phase withiri the subsuiface adjacent to tiiese wells, and then is released/iriobilized tb the weUs 

when water levels are low. PCP break-down products (e.g., trichlorbphenols, tetrachlorophenols, eto.) 

have typically not been detected in grisundwater indicating that the PCP has not typically degraded. 

Dioxins/furans tend to bind to soil particles; however, dioxins/furans have been detected in groundwater 

witlun the PCP plume area, likely indicating partitioning from LNAPL witiiin or downgradient of the 

source area, 

PCP in tiie lower zone likely results from downward migration of dissolved PCP via groundwaiter 

from the upper to the lower zone where the silt layer separating the upper and lower zones is 

heterogeneous and/or discontinuous across the confining unit boundaty. No DNAPL has been 
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encountered during, any of lhe investigations to date. Therefore, downward migration across the 

confining unit likely occurs under die natural downward groundwater gradient within the upper zone 

plume resulting in the elevated conceritratioris detected in the lower zorie. Under this scenario,.die PCP' 

coricentratiori distribution within the lower zone would appear to mimic tiiat of tiie upper, zone, while 

mean groundwater fiow in 'die lower zone would stiU be toward the river. This distribution is reflected by 

the obsetN'ation of die highest historic concentration of PCP in tiie lower zone at a downgradient location 

from the source areas in the upper zone. Further migration of dissolved PCP in the lower zone 

groundwater would be pnmarfly conttolled by advective groundwater tlovy in.a downgradient direction 

from the impacted area. 

Historically and cunentiy, the PCP in lhe upper zone is limited to a nanow plume dial extends 

from fhe fonner PCP mixing area downgradient about 350 to 450 ft to betweenLW-4S and L\V-13S. The 

PCP coricentrations in die upper zone are highest •witiiin and just downgradient ofthe former PCP niixing 

area. PCP appears' to have migrated in a do'wngradierit direction tovvaid the south-soutiiwest. Upper zone 

PCP concentrations withui the mixuig area have decreased significantly since the first samplmg in 1991. 

This decrease may reflect the removal of contariiinant source material during the 1989 soil excavation 

witiiin M\Q fomier PCP mixing area, as weU as natural attenuation of the PCP (tiirough adsorption, 

biodegradation, etc.) or downgradientm<)vcmcnt past these monitoring points. PCP has not migrated in. 

die upper zone, farther downgradient to the south than weU LW-13S, as indicated by the lack of detected 

concenfrations in upper zone weUs near the south property boundaty (LW-IOS, when saturated), Thc 

reduction in PCP concentrations and plume extent in tiie upper zone since 2<302 is likely related to the 

removal of thc fnajority' of the remaining contariimatcd soil during tiic soil rcriaoval iri the former PGP 

mixing area and, wifhin the last year; to implementation of die ISCO remediation technique. 

The PCP contanunation observed in tiie lower zone historically consisted of several discrete, areas 

of contamination rattier tiian a contiguous plume. The discrete areas were iriainly located within and near 

thc former PCP mixing area, m proximity to wcU LW-llD, and in an arca includmg WcUs 

LW-4D and RW-2. The highest PCP concentrations ui groundwater in the lower zone, which occuned at 

well LW-4D (18,000 ppb in October 1997), have decreased significantiy at this location and since spring 

1999, the PCP concentrations at this location have been mostiy below the laboratory reporting Umits. 

PGP concenfrations in groundwater from downgradient wcUs closest to thc river arc typically 

nori-detect. Since. November 2002, low level PCP coricentrations (generally less tiian 1 \\§JL) have been 

detected on an, intermittent basis in weUs LW-6D and LW-9D (located between LW-4D and die rivet), 

and well LW-IOD (located at die southern property boundary). These detections have not been observed 

on a consistent basis, which may be related to dilution pf groundwater by river water at tiic groundwatcr-
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surfece water interface (particularly in the lower zone where the river stage influence is greatest); natural 

attenuation processes (e.g., adsorption, biodegradation, etc); or seasonal variability. 

Low concentrations of PCP (1 tp 3 \xs,lh) were detected in the deep sand unit at LW-12D2 

sporadically (three times) during quarterly monitoring between May 1999 and June 2002. This well was 

subsequentiy abandoned in advance ofthe soil removal action in the fomier PCP mixing area because it 

was located v/ithin the excavation area. The historical detections in this well were liTcely due to 

downward vertical migration of contaminants via groundwater flow between the upper and lower zone 

and lietween the lower zone and the deep sand unit The source area for the impacts to the upper zone has 

been mitigated by die sofl removal actions in 1989 and 2002, so tiie potential for ongoing groundwater 

impact iri this area is corisidered to be low. 

Begiiming m October 2000,, several source control metiiods have been used to contain PCP-

impacted groundwater in the upper and lower groundwater zones. These source control methods are 

described in more detail in Section 4.2. 

The concentrations of petroleum hydrocarbons and VOCs detected in wells downgradient ofthe 

former PCP mixing area are, likely due to the presence of PCP carrier products ,(e.g., mineral spirits) that 

are present as L N A P L and tiie partitioning of these constituents inta groundwater. The distribution of 

detected petroleum hydrocarbon concentrations in this area is consistent with the intermittent presence of 

LNAPL observed in vreU LW-llS, ttie recent occunence ofLNAPL at wells OX-IS, 0X-2S, and LX-3S; 

and die presence of elevated PCP concentrations in groundwater. The mlermittent nature of LNAPL 

occunences at LW-llS appears to be related io seasonal groundwater fluctuations, such diat residual 

LNAPL is observed in nearby monitoring wells under low water table conditions or to effects from the 

ISCO implementation events. 

3.1.2 TA]SK FARMS 

Sofl contamination by petroleum-related constituents in, tiie Main Tenninal and BeU Terniirial 

Tank, Fami areas occurs pnmarfly at depth within the capillaty fiinge. The elevated concentrations of 

contaminants within fhe capillaty fiinge in tiie Main Terminal and Bell Termmal Tank Farm areas 

indicate that releases of petroleum substances to the ground surface were historical and that NAPL has 

had sufficient time to nugrate downward and spread lateraUy within the capillary fringe. Thc presence of 

tiie same contaniinants both in groimdwater and in soil indicate tiiat these contaminants have partitioned 

from the sofl and/or NAPL into the groundv.'ater. Most of the shallow soil samples containing elevated 

petroleum hydrocaibon concentratioris did not contain elevated benzene or ethylbenzene concentrations, 

indicating tiiat the loW molecular weight aromatics (e.g., BTEX) that may have orice been present have 

undergone biodegradation pr volatihzation, or have been reduced by infiltrating precipitation. 
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La tiie Main Terminal tank Farm area, contaminants are present in the upper and lower zone 

groundwater. However, contamination of the lower zone groundwaier is ty-pically found only in tiie 

western portion of the Mam Tenninal Tank Farm area where the silt corifming uriit separating, tiie upper 

and lower zones does not exist or is discontinuous, iri tiiis portion of the Main Terminal Tank Eairii area, 

only a single unconfined groundwater zorie exists. In the eastem portion of the Main Terminal Taiik 

Farm area, where the sih layer separating the upper and lower groundwater zones is present, contaminant 

concentrations in the lower zone groundwater are typically low and are primarily detected near where tiie 

silt layer pindies out or becomes discontinuous. This suggests that tiie silt layer over much ofthe westem 

portion of the Main Terminal Tank Fann area provides a natural geologic/hydrogeologic boundaty 

between the upper zone groundwater and the lower zone groundwater, Umiting the vertical migration of 

contaminants over this portion of the Main Terminal Tank Farm area, or that the characteristic ofthe 

contariiinant does not lend itself to vertical inigration. 

In the BeU Terminal Tank Farm area, cbritariiinarits are present in the upper zorie grouridwater, 

but not in the lower zone gtpundwater. The lack of contaminants in the lower zone groundwater indicates 

that die silt confining unit between the upper and lower zones is acting as an impermeable boundary' and 

the two groundwater zones are not interconnected in this area. Concentration contours for selected 

contaminants in upper zone and lower zone groundwater (Figures 9, and 11 through 14) indicate that 

lateral migration in the downgradient groundwater direction has occuned. The lateral migration is likely 

a combination ofthe individual contaminant properties (e.g., solubflity) and tiie processes of advection, 

hydrodynamic dispersion, and. adsorption. The lack of contaniinants in groundwater upgradient ofthe 

source arcas indicates that contaminant migration iri grouridwatcr is primarily due to advection (transport 

of constituents by groundwater movement). For coritariiination iri the groundwater along the western 

property boundaty of die BeU Terminal Tank Fann area ox on tiie fonner PEO property', tiiere is not 

enough iriformation about ttie nature of tiie release to determine the mechanisms affecting migration. 

However, the dpwngradicnt extent of petroleum constituents in ttic BcU Terminal Tank Farm area 

suggests that lateral movement ofthe contaminants is slow, which may be due to a low rate of advection 

in this area, possible natural attenuation (through adsorption, biodegradation, cte.); and/or volatilization. 

The distribution of petroleum constituent concentrations within and downgradient of the Bell 

Tcrmitial Tank Farm arca suggest the presence of three cofmriinglcd groundwater plumes, as discussed 

earUer. Except for low level rnetals in lower zone wells at the Bell Terminal Tank Farm area (Figure 13 

and 14), concentrations of petroleum constituents, such as benzene and ediylbenzene, have typically not 

been detected in groundwater. Groimdwater from the BeU Temiinal is expected to ilow west toward tiie 

Willamette Riycr. it is uriknown whether a complete contaminant migration pathway via groundwater 

exists from the former PEO property. 

a;: 1/00 NXiimdiUi'̂ itoJK'iWlSOOSTilJRm'vKiSoittci eonb'dEvaiRii'iJD.'fiSoifte Caltrc* EvaliMtlal Report «-2l)-l)6:aot' 

.3-5 
LANDAU ASSOCIATES 

SCHN00305084 



3.2 STORM DRAIN - PREFERENTIAL PATHWAY FOR GROUNDWATER 

The storm drain (Figures 2 and 17) and backfill associated with its constmction appear to affect 

groundwater flow and contaminant fransport in the upper zone. The presence ofthe storm drain may 

partiy explain the southerly components of upper zone groundwater flow in the Tenninal area as 

groundwater flows tO'̂ N-ard the zorie of higher hydraulic conductivity (i,e., the storai drain pipeUne 

backfiU), The stoim drain pipeline dbes not appear to fiiUy penetrate fhe confining unit (where present) 

and, tiierefore, is riot considered lo provide a vertical pathway for groundwater flow and contaminant 

transport to defeper aquifers. Groundwater samples collected from manholes in the stoim drain and at the 

storm drain outfall in the river in 2001 and 2002 (Table 3) indicate that the stonn drain was serving as a 

preferential pathway for upper zone groundwater to the river, 

A stormwater intercept system was installed in 2002 to eliminate the potential for PCP-impacted 

npper zone groundwater to migrate through the storm drain to the river. A detafled description of the 

intercept, system is provided in Section 4,2.2:, Groundwater tiiat may migrate within the pipeline fill 

outside the pipeUne is Ukely not collected by the stonri drain iritercept system. However, PGP 

coriceritratioiis have riot been detected in river outfell samples since implemenfetion of tiie storm drain, 

intercept system, 

3.3 LIGHT N 0 N - A Q L T : 0 U S PHASE LIQUID (LNAPL) MIGRATION 

LNAPL has been observed bodi historicaUy and cunentiy in tiie area downgradient of tiie fonner 

PCP mixing area (in wells LW-8S, LW-llS, OX-IS, 0X-2S, and 0X.-3S) and in the fonner Main 

Tenninal Tank Fann area (m wells N, P, Q, LW-21S, and LW-27S), as shown on Figure 10 and in 

Table 2. 

In the Main Terminal Tank Farin area, tiie inaximum LNAPL thickness was observed iri well N 

iri July 1997 (1.20 ft); however, no LNAPL has been obsetyed in weU N since Noveniber 2002. The 

riiaximum LNAPL thickness observed ui weUs P and Q vvere 0,17 ft (July 1997) and 0.42 ft (November 

2001), respectively. No LNAPL has been, observed in wells P aridQ since October 2003 and November 

2004, respectively. The maximum thickness of LNAPL observed in wells LW-21S and LW-27S was 

observed in February 2004, at thicknesses of 1,03 ft and 0,69 ft, respectively. LNAPL has been observed 

at tiiicknesses ofiess than 0.16 ft in weUs in the Main Tarik Fami area during the last year. Also, LNAPL 

thicknesses have decreased overtime at each ofthe wells where LNAPL was observed (Figure 20). This 

decrease is likely due to a combination of passive recovety techniques and natural attenuation processes. 

LNAPL has never been observed in wells located at the top of the riverbank or in, thc shoreline wells 
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that-the line is a 15-inch diameter concrete pipe. The pipeline appearedto be ui good condition wilh few 

intemjd leaks. Several lateral lines to die main Une were also observed in die Main Terminal Tank. Farm 

area. One ofthe lateral lines was darriaged during driUing of die horizontal. weU installed as part of tiie 

groundwater interini action (see Section. 4,2.1), The lateral luies were subsequentiy abandoned and 

isolated from the main line using intemal patches. 

Stormwater data coUected between September 2001 and August 2002 at the catch basm closest to 

the river contained PGP concentrations ranging from 0.7 to 190 jAg/L (Table 3). Except for diesel-tange 

petroleum hydrocarbons, pefroleum conlpounds (gasoline, mineral spirits, kerosene, and lube oil) were 

not detected. Diesel-range petroleum hydrocarbons were detected twice at concenttations of 0,251 mg/L 

and 0.3 mg/L. These data and tiie groundwater flow pattem m the upper zone indicated that upper zone 

groundwater was Ifltely infilttating into tiie stonn drain pipeline, In October 2002, a groundwater 

intejcept systeni was installed within tiie stomi drain to capture grouridwater between the two stoniiwater 

riianholes closest; to tiie river (see Section 4,2.2), Stonnwater samples collected frora the groundwater 

mtercept system located iri tiie catch basin closest to the river (SDM-1) continue to bc analyzed as 

influent into the onsite WWTS on a quarterly basis (Table 3); however, these concentrations represent 

groundwater captured by die intercept system that, do not reach the river outfall. Samples are also 

collected from tiic river outfaU, when exposed during thc quarterly samplmg cycnts. 

In summaty, stoimwater runoff from tiie east property and from former operational areas of die 

terminal outside of the former PCP mixing area that does not infiltrate discharges to die WiUamette River 

at tiie river outfeU. Stomiwater from fomier operational areas at tiie Temiinal is collected and treated at 

thc orisitc SWTS, discharged to tiic storin scwcr system under NPDES pcririit. 1200Z, combined witii tiic 

untreated stoimwater from the east property- (when present), and ultimately discharged to tiie Wfllamette 

River (Figure 17). Impacted media are npt located witiun the area of stormwater runoff that discharges to 

the river; tiierefore, stomiwater is not conadered a-current, potential contariunant migration pathway to 

-the river. .Potential historical releases to thc river via thcriwr outfell arc being addressed by the Portland 

Harbor RLTS. 
No surface waterbody is present on or across the Terminal. 

3.5 RIAHERBANK SOIL EROSION AND CATCH BASIN SEDIMENT 

Soil susceptible to potential erosion near the river embankment is outside of tiie bermed area that 

surrounds tiie Main Tenninal Tank Fann area, to the west of where tenninal operations were mainly 

located. Also, much of tiie river bank is eitiier covered witii vegetation or gravel fiU and tiie beach is 

relatively wide, sb the potential for riverbank erosion is limited. There are no records or evidence of 

spflls from the pipelmes along tiie dock where petroleum products were transfened from ships to tiie 
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Main Terminal Tank Farm area. Soil samples collected from the wells driUed on the shoreline do not 

indicate contamination, and no seeps, staining or other visual evidence of contamination has been 

observed. Soil erosion is therefore considered ari unlikely pathway for contaminantmigration. 

Impacted surface soils in noriroperational areas ofthe properiy that drain to the river outfall have 

largely been, removed, and replaced with gravelly fill at the ground surfece: As discussed above, 

contamination of soil within, the fomier Crosby & Overton tank area, is anticipated to be the result of 

\vaste ofl spills from the tanks historically located within this area. Because cPAHs and PCBs tend to 

absorb or bind to soil, contaniination in this area was limited to the upper few teet of surfece soil. As part 

ofthe soil removal action conducted for tiie fonner "PCP mixing area and soil stockpile, impacted soil was 

-excavated from the Crosby & Overton tank area and disposed offsite. Remaining PCP and cPAH 

concentrations in soil at completion of theremo.val action are shown on Figures 5 and 6 and confirm that 

the areal and \^rtical exterit of the contamination was Imuted, Because historical releases in this area 

resulted in contammation that was linuted to surface sofl and groundwater contamination has never been 

observed ui this area, the concentrations remaining in sofl arc considered to be protective of groundwater 

and additional cleanup in this area is not necessary: The residual sofl concentrations are not e.xpected to 

provide a complete exposure pathway to ecological or human receptors or provide a source of erodible 

soil, because thc soil is buried under approximately 1.5 ft of backfill and groundvvatcr quality results in 

this area before the removal action showed nondetect PCB and cPAH concentrations over a year period 

from 1997 to 1998, Also, residual PCP-impacted soil resulting from the historical PCP mixing area 

operations only remains at deptiis more tiian 13 ft BGS and below tiie excavation backfiU (Figure 4), and 

therefore would riot provide a source of credible soil to thc storm drain system 'via storriiwater. 

Therefore, significant erosiori and transport of inipacted soil at the Tenriinal through the 

stormwater system is, unUkely. Potential historical releases to the river via the riyer outfall are being 

addressed by the Portland Harbor Rl/FS. 
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4.0 SUMMARY O F C O M P L E T E D OR ONGOING SOURCE 
CONTROL/REMOVAL ACTIVITIES 

This section summarizes the source control and/or rempval activities that have been conducted or 

are cunently ongoing at the Temiinal to address source area impacts. 

4.1 PCP-IMPACTED SOIL 

Approximately 9,700 tons of contaminated soil were removed from thc former PCP mixing area, 

below the footprint of the foimer PCP warehouse, and from the former soil stockpile area during a sofl 

removal action in die fall of ,2002. Where possible, soil exceeding PCP concentrations of 3 mg/kg was 

removed frora these source areas for offsite incineratiori and disposal. However, soil containing PCP 

conceritratioris above 5 mg/kg still reniain in some areas, inainly at or below the water table 

(approximately 13 ftBGS) at conclusion of the sofl removal activities (Figure 4). The ISCO remediation 

technique beirig used for upper zone grouridSvater (see Section 4,2.3) is expected to address some of die 

PCP contantiiiation in sofl witiiin tiie zone of groundwater fliictiiation. Because tiie remainiiig 

PCP-cpntaminatcd soil is buried under approximately 13 ft of backfill, thc soil is not likely to be 

transported by stormwater to,the storm drain system. 

4.2 PCP-IMPACTED GROUNDWATER 

Source confrol methods cunentiy being used to capture and treat PCP-impacted groundwater 

consist ofthe following: 

• Storm Drain Intercept System - captures PCP-impacted groundwater in the upper zone that 
infiltrates into the-storin drain pipeline in thc area of tiic PCP pliunc. 

• Horizontal Recovety' Well - captures upper zone groundwater near the downgradient extent 
ofthe PCP plume in the upper zone during, periods of seasonal high water levels. 

• ISCO ^ treats upper zorie grouridwater and sofl within the zone of groundwater flucttiation, 
ISCO has been used during three full-scale injection events within the PCP plume area in 
Febraary 2005, June 2005 and January 2006. 

• Vertical Recovety Well - captures lower zone groundwater at downgradient locations where 
elevated conceritrations of PCP were historicaUy recorded. 

These methods are described in detafl in the following sections. Because of the source control 

systems in place, there is not a cunent, complete contaminant transport pathway to the river for 

PCP-impacted groundwater. 

ihyOC V£dmdito'ipr6Jccti\:31\tl09\FilcRra'«.\Simrce C6i*ol Eval RepctiSource Coiitrol E.^uatiai Report 6-20-S6.ic L A N D A U ASSOCIATES 

4-1 

SCHN00305089 



4.2.1 GROUNDWATER RECOVERY AND ONSITE TREATMENT 

To prevent further migration of PCP in upper zone and lower zone groimdwater at the Terminal, a 

groundwater interim action was implemented. The syslem consists of two groundwater extraction wells, 

a horizontal well (HRW-1) in tiie upper zorie and a vertical well (RW-2) in the lower zone, and a 

groundwater intercept system in thc cast-west trending storm drain at thc manhole closest to thc 

Wfllamette River (SDM-1;. Section 4,2,2). These weU locations and the location of SDM-1 areshownon 

Figure 3, 

Punipirig from recovery well RW-2 began in October 2000. Since startup of recovety" well 

RW-2, vvith thc exception of periodic shutdowns for system mamtcriancc, groundwater has been extracted 

continuously fixim die lower zone. Through, December 2005, approximately 19.5 miUion gallons of water 

have been removed from the lower zone af RW-2 and transfened to the onsite wastewater treatment 

system (WWTS) for subsequent tteatiiient and discharge to the saintary sevver under a publicly owned 

treatmentworks (POTW) permit with the City of Portland, 

The horizontal well (HRW-1) was installed in the upper zone during April 2000 across the 

approximate downgradient edge of die PCP plume in the upper zone. Four piezometers (PZ-1 through 

PZ-4) were instaUed, and water level monitoring was perfonned in Febraary dirough May 2002 in the 

areaof the east-west frending stonri drain and HRW-l to assess why the desired pumping rate could not 

be achieved in HRW-1 (Figure 3). The water level monitoring indicated that the water level in HRW-1 

w:as lower than in the sunounding upper zone riionitbririg weds. From the water level data coUected to 

date, infonnation collected regarding the storm drain line, and the nature of the confining unit, it is 

believed that there is a hydraulic interconnection between the upper and lower zones in thc arca ofthe 

horizontal well. Based on this infoimation and observed conditions, pumping of HRW-1 is limited to the 

wetter montiis ofthe year (i.e., December tiirough May). Approximately 332,000 gallons ofgroundwater 

have been removed from HRW-1 since startup and transfened to the onsite W W T S for subsequent 

treatment and discharge to the sanitary scwcr urider a POTW permit with thc City of Portland. 

4.2.2 STORM DRAIN INTERCEPT SYSTEM 

During installation activities for HRW-1, a lateral from the main storm drain was penetrated., A 

subsequent investigation was conducted to assess the impact ofthe east-west trending storm drain, located 

approximately 15 to 20 ft south (downgradient) of H R W - 1 , on upper zone groundwater. Sainples were 

collected, fixim two manhole locations (SDM-1 and. SDM-2) and from die stbim drain, outfall at the 

discharge point into the Willamette River and analyzed for PCP. Results indicated that groundwater from 

thc upper zone was infiltrating into the concrete storriiwater drairi (Table 3), 
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^ , HRW-1 during the drier months ftom June ' ^ " ^ , ^ 
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reduced by 63 percent (0X-8S) to 92 percent (0X-3S) and following the second event, PCP 

concentrations were reduced by 3 percent (LW-1 IS) to 80 percent (0X-6S). Based on mass calculations 

of PCP before and after the two irijection events; the ISCO injections appear to haive caused a iriass 

reduction of PCP of approximately 0.85 lbs, or 76 perceiit over a one year period. Tlie results ofthe 2006 

event wiU be provided in the First Quarter 2006 Groundwater Monitoring arid Groundwater Interim 

Action Status Report (Landau Associates 2006b - in preparation), 

4.3 PAH AND PCB-IMPACTED SURFACE SOIL REMOVAL 

In the former Crosby & Overton area, PCB- and cPAH-impacted soil was removed as part ofthe 

removal actions for the East Property' and fonner PCP mixing area in the fall of 2002. The removal action, 

consisted ofthe removal and offsite freatment and disposal of 819 tons of soil from depths ranging from 

0.5 to 2.5 ft BGS. Residual soil concentrations remaining within the soil removal area are shown on 

Figures 5 and 6. PCB and cPAH contariiiriation appeared to be liniited to surface, soil in the former 

Crosby &, Overton source area and hasnot, been detected in groimdwater. These residual coricentrations 

are not expected to provide a complete exposure pathway to ecological or human receptors or pfo-vide a 

source of erodible sofl, because the soil is buried under approxunately 1.5 ft of backfiU and groundwater 

quality residts in this area before the removal action showed nondetect PCB and cPAH concerifrations. 

4.4 PASSIVE LNAPL RECOVERY 

Jn fhe Main Terminal Tank Farm area, LNAPL has been observed since the first quarter 2004 in 

wells LW-21S and LW-27S (Table 2). Keck** passive product recoveiy bailers were installed at LW-21S 

and LW-27S in March 2004. The recovered LNAPL is removed during quarterly groundwater sampling 

events and temporarily contained in a 55-gallon dram onsite pending appropriate offsite disposal. 

Through December 2005, less than 5 gallons ofLNAPL have been reriioved from these wells. 

Also, LNAPL has been observed intermittently in wells L, Pj. and Q in tiie Main Tenninal Tank 

Farm area (Table 2), Product socks have been placed in these weUs wheri product has been observed and-

removed arid replaced on a quarterly basis, as needed, Currentiy, there is no measurable product in these 

wells. The potential for LNAPL migration from the Main Terminal Tank Farm area is discussed in 

Section 6,0. 
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naturaUy occurring background level. Consideration of site-specific background concenttations is 

allowed for the weight-of-evidence approach under the JSCS. Other metals, including copper, lead, 

nickel, and zinc were detected intermittently at concentrations exceeding die JSCS SLVs. One sample 

collected at well LW-37D in November 2005 coritained concenfrations of arsenic, copper, lead arid zinc 

that exceeded the SLVs. The overall higher turbidity' measurement at this weU during this event could be 

indicative of suspended material in this sample and could have biased the results, high. Groundwater 

results for later events at this location, including bodi total and dissolved metals concentrations, showed 

-concentrations less than tiie SLVs. The only other exceedances ofthe SLVs included total lead at weU 

LW-37D in Februaty- 2005 (the three most recent events have been nondetect or less than the SLV) and a 

smgle occurrence (August 2005) for total and dissolved nickel at well LW-39D (aU other nickel results 

were nondetect or less than the SLV). 

The presence- of metals concentratioris in groimdwater are riot Ukely related to historical 

operations at the; Tenninal because the materials handled at the Terminal did riot contairi these 

constituents: This is further demonstrated by the fact that concentrations of aU other constituents 

originating finm Tenninal operations are typically higher in the upper zone than in the lower zone,, which 

is not the case for thc nietals concenfrations. An evaluation of whether metals concentrations could be 

influenced by redox conditions in thc lower zone was conducted as part of the MNA evaluation through 

the measurement of MNA parameters (includmg oxidation-reduction potential). The results ofthe MNA 

evaluation are included in Section 6.1. Further discussion ofthe metals concentrations are provided in 

Section 2,3,4, Under the groundwater screening procedures specified in die JSCS, a weight-of-evidence 

approach is allowed where concentrations exceed thc SLVs. For these metals concentrations, considering 

the site-specific backgrourid concentration for arsenic (a regional background groundwater value is not 

avadable, but arsenic and other metals are ubiquitous throughout the area), the sporadic and low leVcl 

nature of the other metals detections, and the lack of use of these constituents during temunal̂  operations, 

source conttol should notbc required for thc metals constittients, 

5.2 BELL TERMINAL TANK FARM WELLS 

Groundwater concentrations from ten wells (seven upper zone, three lower zone) located withui 

the Bell Terminal Tank Farm area were screened against the JSCS SLVs. These groundwater results 

represent groundwater concenfrations within and at the, downgradient edge ofthe Bell Terniirial property, 

but upgradient frorn other potential sources on the forriier PEO property. Groundwater concentrations on 

the fonner PEO property at locations between the Bell Teriniiial arid the river have not been monitored 

since 1998. 
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The results ofthe comparison to the JSCS levels indicate tiiat except for certain metals, no otiier 

constituents exceed the SLVs in groundwater at the Bell Terminal, As shown on Table 6, arsenic 

exceeded the SLVs regularly at most bf the wells, but did not exceed the site-specific background 

concenfration. Other nietals concentrations that sporadically exceeded die JSCS SLVs included copper, 

lead, nickel arid zinc in the lower zorie wells (LW-29D, LW-30D, arid LW-32D). The presence pf metals 

concentrations in the lower zone may be related to tiie presence of reducirig conditions, but does not 

appear to be exacerbated by the presence, of petroleum constituents. PefroleOm constituents are typicaUy 

nondetect in the BeU Temiinal in the lower zone. For the reasons stated in Sectipri 5,1 .above, source 

control should not be required for metals in groundwater within the Bell Terminal. 

5.3 PCP PLUME - DOWNGRADIENT W E L L S 

Two wells (LW-6D and LW-9D) are located on theriverbank within approximately 200 ft ofthe 

river shoreline. Grouridwater concentrations from these weUs were screened against the JSCS SLVs 

because, the grouridwater is representative of concentrations downgradient of the PCP plume, as showri dri 

Table 5: PCP concentrations at these vvells have ty~pically been nondetect during the period of monitoring 

between 1997 to present. Between November 2004 and November 2005, PCP was detected at. LW-6D 

on one occasion at a cpncentration less flian 3,0 jxg/L. the National Reconunended Water Quality Criteria 

(organism pnly, consurnption rate = 17.5 g/day; EPA 2002) and DEQ's Ambient Waier Quality- Criteria 

(AWQC) (organism only, consumption rate = 17.5 g/day; DE(3 2004;Figure 9), but slightiy greater "than 

the minimum JSCS SLV (0.3. |ig/L; based on the 175 g/day consumption rate forthe same criteria) The 

source control methods cunentiy in place, as described in Section 4, have been effective in containing the 

migration of PCP to the river; and therefore, there is not a cunent complete coritamiriant niigration 

pathvvay for PCP-iriipacted groundwater tb the river. 

Arsenic is the only other constituent detected in groundwater from these vvells that routinely 

exceeds the minimum JSCS SLV (0.014 ng/L). However, none ofthe arsenic concenttations exceed the 

site-specific backgrourid concenfration (1,500 pg/L), Other metals, capper and lead,,also sporadically are 

obsen'ed at concenttations. slightiy exceeding the minimum JSCS SLVs (copper: 2.7 pg/L; lead: 0.54 

pg/L). For the reasons stated in Section 5,1 above, source conttol should not.be required for these low 

detections of metals in groundwater within or downgradient ofthe PCP plume area. 
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Former PCP Mixing Area and Warehouse. Groundwater concentratioris between the 
defined PCP plume and river arc typically nondetect for PCP-rclatcd constituents (Tabic 6), 
Similar to the tank ferms, arsenic and other metals exceed die JSCS SLVs, but. arsenic 
concenttations do not exceed the site-specific background concentration and the other metais 
are only observed sporadically at concenttations slightiy above die JSCS SLVs, Grouridwater 
downgradient of die fonner PCPinLxing area and warehouse is cunentiy beinig captured using 
the storm drain intercept system, the horizontal recovery- weU, the vertical recovety: well, and 
ISCO techniques and recovered grouridwater is treated by the onsite WWTS. Thcsb source 
conttol activities interrapt any potential migration patiiways of the PCP-impacted 
grouridwater to the river. 

6.2 STORM DRAIN - PREFERENTIAL PATHWAY F O R GROUNDWATER 

PCP-impacted groundwater that infilttates into the storm drairi is currentiy being intercepted and 

tiansfened to the brisite WWTS. Therefore, direct discharge of impacted .groundwater through the storm 

drain to the river does riot ^represent a, cunent complete coritariiiriarit migration pathway. P.bteritial 

historical impacts to the river via tiie storm drairi are being addressed as part of the Portiand Harbor 

RI/FS. 

6.3 LNAPL MIGRATION 

The migration potential of PCP from the former PCP-pperation area is being addressed using 

ISCO techniques. The inigration potential of LN-i^L from the Main Terminal Tank Farm area was 

unknown, and therefore modeled as part of the source control evaluation (Appendix A), The MNA 

measurements and fate and transport modeling efforts indicated that LNAPL and associated contaminants 

were likely being attenuated before reaching downgradient locations near die point of groundwater 

discharge, iand no reduction in concentration ofcontaminants in Main Tenriinal Tank Fann area wells was 

required to meet the JSCS SLVs in river bank wells in the fiiture. Therefore, inigration ofLNAPL does 

not represent a complete current or future contamuiarit migration pathway to the river. 

6.4 STORMWATER/SURFACE W AT E R RUNOFF 

Stormwater ranoff from fonner operational areas associated with the fonner industrial areas of 

the site is coUected and tteated atthe onsite SWTS. Stonnwater typically infiltrates on the East Propeity 

or in other non-operational areas of the Tenninal. Any stormwater nmoff from the East Property^ and 

other non-operational areas originates from non-impacted areas, and therefore is not a potential migration 

pathway for contaminants to the river. 
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6.5 RIVERBANK SOIL EROSION AND CATCH BASIN SEDIMENT 

Soils susceptible to potential erosion near thc river embankment are located outside the bermed 

areas that surround fhe tank farms (i.e,, operational areas) and no records or evidence of spills have 

occuned near the river embankment In addition, impacted surface soils in non-operational areas of tiie 

property have been reriioved and/or covered with fill; therefore,, no erosion arid transport of impacted soil 

to catch basins from these areas wiU. occur, 

6.6 PLANNED SOURCE CONTROL ACTIVITIES 

Time Oil wiU continue to operate the groundwater interim action, system for recoveiy of PCP-

impacted groundwater in the upper and lower zones. Because ofthe minimum area impacted cunently in 

the lower zone. Time Oil will continue to assess tiie need to niaint^ groundwater recovery efforts at 

RW-2. Also, an assessment ofthe overall success ofthe ISCO injections for treatment of PCP-impacted 

groundwater in the upper zone is cunentiy being eviuated, based on the most recent event conducted in 

Febmaty 2006. The results ofthe ISCO event and any future recommendations wfll be provided in die 

upcomirig First Quarter 2006 Groundwater Monitoring and Groundwater Interini Action Statiis Report 

(Landau Associates 2006b, in progress). 

The Tesults of the MNA parameter measurements and the fete and ttarisport. modeling indicate 

that anaerobic biodegradation is likely occurring within impacted groundwater in the Main Tenninal Tank 

Farm area under natural aquifer conditions to attenuate LNAPL and dissolved contaminants firom 

reaching the river, and a more aggressive method for remediation ofthe LNAPL is not necessaiy urider 

current conditions. However, based on the current concentrations of sulfate and nitrate, continued 

biodegradation of these constituents may be Umited. Otiier anaerobic biodegradation indicators 

(e.g., fenous iron and metiiaiie) haveri't been fiilly characterized; these indicators, as well as confirriiatibri 

ofthe nitrate arid sulfate results, may provide additional information on biodegradation capacities. Time 

Oil wiU continue to use passive recoyety methods to remove measurable product frorii, wells within the 

Main Tank Farm area, as necessaiy. 
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7.0 USE OF THIS REPORT 

This source conttol evaluation report has been prepared by Landau Associates for the exclusive 

use of Time Oil Co. for specific application to the Nbrthwest Terminal. Services for this project were 

conducted in accordance with the Environmental Services Contract between Tune Oil Co. and Landau 

Associates, Inc. Landau Associates has performed our services in accordance with generally accepted 

engineering and consulting standards for environmental work in effect at the time and locality services 

were performed. The reuse of infonnation, conclusions, and recommendations provided herein by Time 

Oil Co. pr others in connection with any site other than the Northwest Terminal without Landau 

Associates' written permission shall be at the sole risk of Time Oi! Co. and without liability to Landau 

A.ssociates. 

This document was prepared under the supervision and direction ofthe foUowing key staff 

LANDAU ASSOCIATES, INC. 

Martin Pi 
Principal 

RB/rgm 
y*"""*"* """fsjM 
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•bi£i!HSj^}i5WSiiMljS^(8;ivy.'yi'. 
/Bit*iiiibiuiait;iite*(^;yiyyyiyyyi-yiyiy-
:iii;2-B)iiBS,yoi«ftMiJe:#J®Siyyyyy-
yi^BjiiliJii&eTiistiiiizTbjyyyyyy'yy; 
:i|>i;Bipliliiiiibel««i£ii^7<a;y:yiiy..yyy 
S^DiisiisisBSSitiiiiByiyiiyyyyiyy-y-yy 
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yyiyî bbiusiy 
yyiyiybtiiOiyy 
ai'iyiyobflyy 
•yyySMiiyyy 
••aiyiybatEyy 
•yyiyobiuay 
.yyysAiiidiyy 
yaiiLdoBiai^ 
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yb*iMid;iyi 
-bibiwayyi: 
ib3ii|94uyyy 
:b'b4B4:liyy 
idyb^^iiiyy-
Sb494:U*a 
iblMM'dyy: 
s;b494yji:y 
'b:o494Ju;y' 
-b*&uByi: 
bjoOTsydiiyy 
yyytiSJyayii-
t ia*2i5ig:i 

yytbjyisyi 
yayi i i iyaya: 
Byyi2b4?iiyayB 
•yiis:8b;ayy:y 
yayiisyyayyBy 
yyyyibBayiiiy-

e.59 
15,9 
233 
1.07 
10 
10 

r.40 
13,9 
BS4 
3,23 

0 

7,10 
14.9 
358 

'3,10 
0 

6.57 
14,0 
198 

0 

s,e4 
12J 
253 
0,71 

E 

7.47 
14,7 
S32 
2,43 

0 

yyiiyaiiyByiiyBa 

•iayssiyyy 
yyiy:yi4:sEya 

yaiyyiisieyS: 
yyy^isiyyyy 
ByBiiiyyoBiB-yyi 

7,49 
15.7 
312 
3,84 
14 

6,27 
14,0 
128 
7,77 
102 

S,7B 
14,9 
289 
1,66 
373 

7,SS 
13,6 
385 
3,79 

0 

iiiassSbcibSfediiitiataipifileS BiSndaitiiAssticratisy 

SGHN00305137 



iBiiiByBiiiBB,'yiyyyyiyyyyyy:iaytABLiE;iyiiy,iiiyiy:iiy,yyyyiiy 
yyyyiiyyy iGRbuNbwS^^ 
FOURTH QUARTER SAMPLING EVENT. NOVEMBER 2005 

•aySyByy-S::yifjM&yb!il^ 

yPagril3:dfy'l8yB 

•yyai:yyyyyyB:yyyyByy-y;y;y:y.yy;^yyyyyyy,yyyyyyyyyB^yy^:y:y::y:.y^ 
Bawi/B2ibyyyyiBiM23i3;aB;aiSfc4Dtyyyyii*^^ 
y;f>6i«K9ti2:a!'5kb698Ji#^J>5Kbe9a-b9yyp5(S6SBi^^ 
y'l^i;i6i2bosyyyi^iti6gbb5y:yyiiliiBgoo5yy;»n6r2bb5ayii/iB2obi^ 

iiPMWCHLbiTOiPHENOLiiiigm)^^^^^ 
yipi:8iwsii»iiyysiayiiyii:aygf;iy5i:ya.B 
B I ^ S r o p i r e n o i y t W M ^ 

ySlEiirllvSiSTO£5iiiSiiui|iyy.yia::^ 
iiEpSyrarrt&yyyyaBayByssiyyayiaay 
i2awo^SiSt iKSpiSif i iyyiyyyyyyy. 
BAb^ptti i^yjiHTbjyw^ 
yAceViflpliliiiteiibi<8^7l^^^^^ 
iiAiitjTOijis«ei(S27d)yyiiiys 
B t o i f i S i ^ S i i m i S c e i i B y ^ Z ^ 
yBeitto(B0pyi:eiibii^27^y^^^ 
yiBeiKD(li^*ltibraji«Hene;(M7(^yyiyyBy 
BBbriaiSyitflwSisirayBiirojy: 
yB€i»iibSStiiion9Ki()rtiyi:8270)iay.y-y 

yteiiaiiiAsyByiyyyyiiyyiyiiBiy 
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î l i2-Oibrb'rTOy^ l̂b'rbibrofKiiiey :y-: 
ypibfbiiibbhibibliiaiiSrt^ 
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ayayĵ JbidiyBy. 
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iBByByyiiSayyBy 
{ByyyyiSjiyyiyy. 
yB-'Bii|iyBaBy 
yyyySgffiyyiyy 

yiyiyyyysgyyy: 
yyy::y$Myyyyy 
yyyyyyiMiyyy}: 
yyyay:4ii;£yyyay 

yyailHiyByy 
yBi^yyviyiiiiiyyayaj 

yy,yy:aii:feyaa:' 
yy;yiyy:i;ij:yiay:y.v 

;yay;yiy|Si:yyy:a 
.y .yyiaiiiyyyyyvy 

yafiiSgiyyiyByi 

iyii$iiiy|yiiyiyyyyayya:yyys^^^^^^ 

y^SnJiolbiyiioJi^^ 
yyyyyyyyyyyy .Byyyyayyyyvyyv iyyyxyyyyyy y:yyyyy-.•^;.^;,•:••.•:••.•:••.•:••.•:••.•:••.•:• • . •y- iyyy.yyy.y;^ 

yii^roii^isftisiyy'yyiiayiyyyyyyyyy:^ iyyiiyiiiyaiiiaiiaiiSiyaByyiyyyyyyByyyyiyyyyyyyy 

ifl^^sisisppyayyyaiiiyyyyiyyy 
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yBByByyaafî iMSSSSbEiSeey 
yyyyiByyi^/y|6>iS99yBii'2?52ay 

xayyiyies/^iaa^Siyaiiasy: yyByyyBabgSittiSsSHiiilWs 
ByiyaiBSiygd&lss&yiiiiiassia 
y:yyiiiay;GeiS2DDtti;?H6i(38iiy 
yyyyyiiBByidsMiasQdiyynSaSsy 
yy y :yy yyaoS29&ddbai-i sawiiii: 
yyiyyayBysyiyifflsifeddbiaSifeî S; 
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B;x:=!d2H6/19^:i:iJ12;iiSa 
ayy:yyyb5ft®999yiii4:4ay 
:Byiy:^:3yi9ifeyl5i;i7aa 
yBiii:^!)^^^^®::::^!^!^?' 
:i;y::OT1K2d6d;;:v1d;dS;y: 
y:ayyb5S3Qddd::iiiii^:1Sy 
ii:iyy:iSS69Z2addi::i:=i3&iy 
iy::iBySiiJ09QddQBii?12sZ3|yi 
:Byyy;Si2Ci»liii?i5;45yy 
i i i y^b^oSMiaS i i^y 

yay:yy;tffi6ffiGt!feyiQ:2eBi 
ayyaiiiilMaioiiiyiyiBJIy: 
:yyyiiid2a^CdG2yy:ili2dia 
B::y:::ydiffi5iyUU2a;d8:d5y:y 
ii:iyyi:ds/:j9/2db2setedayB 
ayyya;d6S7fedB2iiy5iiiadsy 
yai::sdi2&i32:yl5i52i% 
iy:yy:yyii;iii3/2d6tyytj?i3D;a 
ayiayiD2/ll2Q®:abK4iiy 
yi:yB305/08Cd(ayii6S4iy 
•Bi y:a:ibBM?SdQ3y;i M m 
yyy:yidMi2dc&:iyi2StiSK 
yyiWyffiMS/iOTtyiyiSiM:? 

yyyyymiomamy&^y 
yyyiBa:S8Hai2Qd4;iyjB:52;:iy 
y::y;iii;;iiyiM8j!ffiOTiy:o8:3Sia 

yyyyM^SciMyswMi 
yyy:::mm/ioB5yyiS^:y. 
:yyi:y:d8;iBadcgiiiiiyieSdB:: 
•;yyy0yMy2a$yMMy 

yyiycMffisgiMiiiSy 
yyyyyyiMm^0i\2my 
By.yia:iif2/d6/i999y4yi430iy 
i a Biiabai B/2DGdyi¥i ijyiiss 

Bx:yydsMsdeQ;iSi5«titi xy/^B|®2iia5M:iSi4;2ei:iy 
iyyy:yaiS|jo9SBbby3i3i32yiy 
yyyyyyiQifflSSiayJSSffa 
iiiiiyyiibeiSiilaebfeiSidiy 
:iyy:i5id8«^Di;y::ii2jBdyi 
a:y;;;'i;iasy2dd«d2;!5iiy 
yyyyyMiMiiMiyyf^imyy 
:::yy.yByb3/bS>2diH::;Siiiii;d9iy 
a:ByByfi4/QS&UCHad8;ilfe 
i-yByy^si2ii2iiaoo5oay 
::yyy:y:iiS7Mi)llyylSife: 
;:• :y;ad6S6«uii2y;ii eMssy 

iByyyaiiwSOTHyydsisdw 

yyiyiiMplyyiyy 
Thckness m) 

}::yyyyyjî :yy>y:y 
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i:S3w b̂nbii:::y:y:yiyxaa:ByB 
i:;biiienib(b'|iiJ'anijiratffibb;yi:-.-.iyy:y. .•;••:: 

: i : ( | a ^ i b ( j i 2 | S ^ i S i j i ^ 

B M S S B U * : ^ : 
•flramlsfiSia: 
y;aSolaSiisfcy> 

lyBSSfiJiyxy 
ayy^yoiOoMBX: 
:yyy::«ab*«yBiy 
yyxyijjabisyyx 
yyyybllyyyyi 
;ayyojjoits?ayy-
aBBjoiOi^syy" 
ayy::bibbii6i;iyy. 
yayyiSgjiliyyii • 

yyyyafli;yy:y 
BBaa;?J!iB8;:>yy-
;:y:.yyy3ffijyyyBy 
iyyy-yyciiiijiiiyBy 

Syxyyyissyyyy 
a:iy::::Biii55iaiiyii: 
yy::y:yy:yiyxyyy 

i:y::yi:bMs::iyy 
yByyibibbiByyy: 
iyyaybjjoiaiyys: 
:BBaS;:;a2xx.yiy 
iBBxbSoiByyyy 
i::x:iybsBrfey:y 
y:yB:{i;BSbifc;By 

x::::iyDiflbi»ai; 

y:iLywi29BKyx.y 
b<liib47wy^x 

11/812004 

xyiabMiasida 
Byyy:ib:d4Kiyua 
yiy:ybib«eia:: 
;yy:;y::Bib49Siij;: 
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Bi::yyyxyB::ySydyy 
yB:y:yy::B^:ays::u;yiy 

xy,:i;iB:yBa*itt:yi; 
yyy.iyyy:xyy;s::u«y 
x.yB,y:yyyBy;s:BaB 

yyy:yy:y;yi:isy!j;x 
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ByBia:yyŷ yiy:i5yuyyy 
xyBByiyyiysydiyiB-
yiByyi-y::yByy5ytii::::y 
y :B Bayy^yjsydyx 

y:xy:yy:aSiieiyyi 

ayyxyyiipigijyy 
y y yy •• y y yyyyx^B-

•iai:yiByiyy«;6iy:i-
yB:iBy::Byyya5yB;;:y 
:::xyyyxi::^:oay: 

yyy BBiyy:i5::!4yy: 
•yyxiiiBx::yiiiyiyy:y 

i iybi i^i^i iSeaii i^Bif iraiBp^^ y lindaai^sisiifitsiy 

SGHN00305ie9 



TABLE 6 
COMPARISON QF GROUNDWATER RESULTS TO JSCS SLVs 

PCP PLUME DOWNGRADIENT WELLS 
NOVEMBER 2004 TO NOVEMBER 2005 
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anaerobic biodegradation, as discussed below. The variability in DO concentratioris over time between 

measuTement events may reflect some seasonal fluctuations as demonstrated by the slight correlation 

between the DO measurements and groundwater elevalions, but may also reflect some equipment 

variability because of instrument sensitivity (Figures A-6 and A-7). These observations are supporting 

evidence &at biodegraidadon processes are likely occurring within the area where petroleum 

hydrocarboris are obser\'ed in groimdwater. 

Following depletion of DO in a system^ nitrate may ht Used as an anaerobic electron acceptor for 

biodegradation through the process of denitrificaion. Similar to DO,, areas v/ithin the dissolved phase 

plume with lowered nitrate concentrations, compared to background, would indicaite that anaerobic 

biodegradation is occurring in those areas. After DO and nitrate have been depleted, sulfate may be used 

as an, anaerobic electron acceptor for anaerobic biodegradation via sulfate reduction. During the process 

of sulfevte reduction, sulfide is produced and sulfate concentrations in groundwater decrease within the 

dissolved phase plume. "Nitrate and sulfate concentrations were measured during events in February ahd 

August 2005 for wells along an approximate groundwater flow path between wells LW-IS .and LW-36D 

(Figures A-1 and A-10 and Table A-2), Well LW-IS represents upgradient conditions, wells,LW-2lS,TS!, 

P, Q represent conditions -within the dissolved pUmie (the cxtentof the benzene plume is shown on Figure 

A-10), and wells LW-22D and LW-36D represent conditions downgradient of-the plume. As shown on. 

Figure A-10, nitrate and sulfete concentrations decrease dramatically between the upgradient well (LW-

IS) and within the plume area (N). For the August 2005 event, a rebound in nitrate and sulfate 

concentrations is also evident downgradient of the plume in the shoreline well. These results likely 

indicate that, anaerobic biodegradation was occurring during this time frame. For thc Fcbruar)' 2005 

event, nitrate concentrations were not detected within the plume area arid at the downgradient wells, while 

sulfate, kicteases dramatically in the dowTigradieht well and then decreases again at the shoreline well. 

These results may indicate that jtnaerobic biodegradation processes may have sufficiently depleted the 

limited amount of nitrate available in thc groundwater which predudes diinitrificatibn processes from 

being an effective means of anaerobic biodegradation. However, based on the upgradient and 

downgradient concentrations of sulfate,, anaerobic biodegradation utilizing sulfate reduclion may be an 

ongoing process. The decrease in the sulfete concentration at -the shoreline well may indicative of the 

influence of dilution ftom river water. Other anaerobic biodegradation processes (e.g., iron reduction and 

niethianogehesis) have iiot beeri fiilly evaluated and rnay pro-vide additioiial means for decreasing 

petroleum impacts. 
The ORP measured in groundwafer is generally positive under oxidizing conditions and negative 

under reducing conditions (Chevron 1995). As biodegradation occurs ,and oxygen is consumed, the 

groundwater becomes more reducing and the ORP of the water decreases. Therefore, a decrease in ORP 
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values within tiie area of a dissolved phase plume, as compared to the arca outside the dissolved phase 

plume should indicate the occurrence of aerobic biodegradation. As would be expected with low DO 

concentrations, ORP measurements were typically negative throughout the tenninal, indicating mostly 

reducing conditions in the upper and lower zones vnth the higher values occurring at locations closer to 

the river and outside the area where petroleum constituents were detected in groundwater, and thie lower 

values occurring within the area where petroleum constituents are detected (Figure A-11 through A-14). 

As shown on Figures A-13 and A-14 for the two flow paths described earlier, ORP measurements in the 

shoreline wells located closest to the river (LW-36D, LW-37D) and in wells located outside of the 

dissolved phase plume (e.g,, LW-40D) typically tend to be higher than those within the plume area or at 

locations where petroleum constituents are observed at detected concentrations, indicating tiiat 

groundwater is in a reduced state. Similar to DO, the wells adjacent to the river may be influenced by 

river recharge which may create more oxidizing conditions, and the wells; outside of tiie plume area may 

be more oxidative because ofthe higher DO concentrations. 

The combined results for the iMNA parameters indicate that anaerobic biodegradation processes 

(and possibly some aerobic biodegradation during certain times of the year) have occurred within the 

areas where petroleum hydrocarbons are observed in upper and lower zone groundwater within tiie Main 

Terminal Tank Farm arca. The biodegradation processes appear to have attenuated migration ofLNAPL 

and petroleum constituents before reaching downgradient locations near the point of groundwater 

dischaige to the river. Additional MNA measurements are necessary to determine whether anaerobic 

biodegradation will continue -without augmentation ofthe supply of electron acceptors. 

FATE A1\D TRANSPORT MODELING 

To evaluate whether there is a potential for LNAPL observed in upland wells to migrate to the 

river, a fate and tiansport model was used that takes into accoimt the effects of natural attenuation. A 

description ofthe model software and the modeling results arc provided in thc following sections, Thc 

results ofthe model are then used with the results ofthe MNA measurements to assess whether there is a 

potential fdr natural attenuation to prohibit migration ofLNAPL from the iMain Terminal Tank Farm area 

to the river. 

Description of Natural Attenuation Software 

Tlie Natural Attenuation Software (NAS) model was used for tiie fate and transport modeling tbr 

thc MNA evaluation (Widdowson ct,. al). Thc NAS model was developed by Virginia Institute of 

Technology and the United States Geological Survey for the U. S. Navy, and was designed to calculate the 
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period of time required to achieve site-specific remediation goals at sites contaminated with either fuels or 

chlorinated solvents. The NAS model can be used to estimate distance of stabiliaation (DOS), time of 

stabilization (TOS) or time of temediation (TOR) for a particular contaminant. The DOS function can be 

used to estimate a required, target source concentration to meet preliminary screening levels at a 

designated point of ciSTnplianee within the required time for the plume to meet the screening levels after a 

source cleanup. The TOS fiinction can be used to estimate the maximum distance from the source at 

which preliminary screening levels can be met without remediation. The TOR function can also be used 

to estimate the required time to meet preliminary screening levels in tiie source area witii or without 

partial or full removal ofLNAPL, 

The fbllowing parameters are entered into the model; 

• Site specific hydrogeology (hydraulic conductivity, hydraulic gradient, total porosity, 
effective porosity, and groundwater velocity) 

• iMNA parameters (e.g., DO, nitrate, and sulfate) 

• Contaminant concentrations (benzene, toluene, e-fliylbehzene,,xylenes, saA naphthalene) 

• Prelirninary screening levels at the point of compliance (for the model, equivalent to the JSCS 
screening levels at the shoreline wells). 

The model estimates groundwater flow rates, biodegradation rates, and sorption properties. 

Analytical solutions are used to calculate the DOS/TOS. Using ihe preliminary screening levels at the 

point of compliance, the "NAS model calculates the maximum allowed source zone concentration and 

estimates the required time (TOS) to reach that concentration after the source area has been remediated. 

In contrast, a nuincrical soliitibn (SEAM3D ahd MODFLOW) is used for thc TOR approach to determine 

thc required time for LNAPL to dissolve and a source comphance concentration to be reached with or 

without partial or fiill removal ofthe L»APL. 

NAS MODEL PARAMETERS AND ASSUMPTIONS 

Site-specific data, including hydraulic conductivity', hydrauUc gradienti and porosity, collected 

during.the Phase II and Phase IH remedial investigations (iRl) was used for the modeL Previous field data 

collected during the Phase II Rl was used tb apprpximate the hydrogeologic conditions. Hydraulic 

conductivity data that were previously estimated through slug/bail tests and pumpitig tests were used in 

the model, including a minimum value of 44 ft/d, a maximum of 156 ft/d, and an average value of 82.3 

ft/day (Landau Associates 2001). The overall horizontal hydraulic gradient was established by estimating 

the gradient between the wells along the patiiway for the August 2005 event. The rrunimum and 

maximum values (0,0014 and 0.015S ft/ft, respectively) were directly used for the model. The average 
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forthe entire flow path (0.009 ft/ft) was estimated by calculating the average for the upper and lower zone 

along the pathway and thereafter predicting a normalized total value. Furthermore, total organic carbon 

(soil) measured, in March 1997 at LW-006D (0.084%) and LW-OOIS (0.65%) was used, as tiie best 

estimate fbr the. model. Freeze and Cheny (1979) estimates the total porositj' of sand to be betweeii 0,25 

and 0.50,, arid for this model aporositj' of 0.4 was chosen. The effective porositj' number chosen was 0.3, 

as estimated in the Phase II RI report (Landau Associates 2001) for calculation ofgroundwater velocities. 

For the purposes of the model, the source zone was estimated to have a. length and width of 50 ft for both 

N and LW-21S. Boring logs and groundwater elevation data history was utilized to detemiine the source 

depth which was estimated to be equivalent to the saturated thickness Ofthe upper zonê  4,55 ft at LW-

02IS and 2.31ft at N. 

Similar to the evaluation for tiie MNA parameters, a groundwater flow patii (flow path 1), 

including wells LW-21S (where LNAPL is currentiy observed), N, P, and Q (where LNAPL has 

historically been observed),. LW-22D, and LW-36D was used. The point of compliance was considered 

as the shoreline well (LW-36D), located dovmgradient bf wells LW-21Si N, P, Q, and .LW-22D., Flow 

path 2, used for the iMNA parameter discussion in the previous section, was not used for the, fate and 

transport model because two of the three wells along the flow path had nondetected concentrations of 

BTEX and naphthalene and thc model could not run reliably with these concentrations. 

Using flow path 1, two model scenarios were run: one scenario where well LW-21S was 

considered representative of the source zone, and a second scenario where well N was considered 

representative of the source zone. The source zone wells were chosen based on,tiie. historical or current 

presence of iLNAPL in these wells and their location upgradient of thc point of compliance well. For the 

purposes of the model, the area including, tiie wells within the flow path was assumed to be ,a- siiigle 

hydrogeolbgic unit (i;e,, not to be divided into an upper ahd lower zone) under the assumption that tipper 

zone groundwater in the area -w'here LNAPL isobsen'ed flows across the confining unit into the lower 

zone and discharges tp the river near where fliC point of compliance well is located. Model paranctcrs 

and model results are presented in Appendix B. 

Forthe purposes of the model, the remediation goals are analogous to the JSCS SLVs for BTEX 

and naphthalene, as presented in the.following table. 
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JSCS SLVS USED AT POINT OF COMPLIANCE, WELL LW-36D 

Compound JSCS SLVs (fLg/L)' 

Benzehe 5.1 

Toluene 9.8 

Etliylbenzeiie 7.3 

Xylenes 13 

Naphthalene 0.2 

(a) DEQ and EPA 2005 

Product has consistentiy been detected in welLLW-2lS and therefore, groundwater samples have 

not been collected and BTEX and naphthalene have hot been measured. The NAS model does not; 

estunate trah^ortation of LNAPL; therefore, saturated aqueous concentrations for the constituents were 

assumed and used in the inodel. Five different sets of contaminant data measiu-ed between August 2004 

and November 2005 were used to set up the model. The data coflected in during the August 2005 (third 

quarter) sampling event was mainly used for this discussion, because that event included the largest and 

most complete data set. 

The August 2005 MNA data indicate very low levels of oxygen and nitrate at concentrations near 

or below the laboratory reportihg limit; sulfate concentrations are low withiri the area of impacted 

groundwater, but increase atthe weUs located upgradient and downgradient ofthe impacted area (Figures 

A-1 and A-10). These data indicate that sulfate-reducing anaerobic biodegradation processes may be 

occurring along the flow path and the higher concentrations of petroleum constituents correlate witii the 

lowest concentrations, bf sulfate It is. possible ihat two redox zones e.xist in the area of the plume, and 

measured data at other dates have indicated that slightiy aerobic zones might e:xist outside the area of 

impacted groundwater or at the shoreline well (LW-36D), possibly due to river influences. However, 

using redox data from only five wells, NAS wiU be able to provide the best approximation if the area is 

treated as one zone. For example, if only LW-36D is considered aerobic in the model, NAS tries to 

calculate the decay rate for that condition, but with only one well in the aerobic zone the model 

extrapolates from that point using only one point, and can therefore not produce reliable results. 

After data along the pathway is, entered into the NAS model, the model is used to estimate if the 

preliminary screeninglevels (JSCS SLVs), would be met at the point of compliance, vvhich would be the 

case if the DOS was lisss than the distance between the source and the point of compliance. If the model 

estimates that they wili not be met, tiie next step for NAS is to estimate reduction goals at the source zone 

and the time requirement after reduction imtil 50 percent breakflirough and equilibrium has been met at 
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the point of compliance (TOS). If a known amount of NAPL exists at the source zone, an option is to 

calculate the time to reach a chosen aqueous concentration after a known amount of NAPL is removed 

fi^om the source zone (TOiy. 

NAS MODEL-iRESLXTs 

The NAS model results indicate that no reduction in concentrations ofthe compounds, modeled at 

any wells along the designated pathway (LW-21S, N, P, Q, LW-22D) is required to meet preliminary 

screening levels at LW-36D, whether tiie source well is considered to be LW-2rS or N (Appendix B). 

Well N is located about 225 ft closer to thc riycr along the groundwater flow path than LW-21S. The 

contaniinant data supports this conclusion, showing a rapid consistent decay of total BTEX and petroleum, 

constituents, along the flow path. This conclusion is also supported, by the MNA parameter data that 

indicate that anaerobic biodegradation (sulfate reduction) is likely occurring within tiie area of the 

dissolved contamination. 

Furthermore, to test the sensitivi^ for measurement errors and other factors that might influence 

the results, a few different scenarios were evaluated. The hydraulic conductivity, hydraulic gradient, 

source volume and contaminant concentrations were each increased by 20,, 50 and 100 percent. The 

output,results were still the same (i.e., no reduction .in groundwater concentrations required). Ih addition, 

contaminant concentrations for well LW-36D were e-xcluded to evtiluate if the mbdel would, be more 

conservative, but the results still indicated that no reduction in groundwater concentration is- required; 

Finally, different redox conditions were chosen (still oiily using one zone, i.e., sahie condition in all 

wells) with no change in thc results. 

Because tiie model predicts that no reduction in concentration is required to meet tiie preliminary 

screening levels, TOS and TOR are not estimated. The DOS was determined for individual BTEX 

constituents and naphthalene using both wells LW-2 IS and N to represent the source zone. As shown on 

Figures A-15 through A-:24, in every case thc model predicts that the distances between thc source zone 

and where preliminary screening levels are estitnated to be met are less than the distance between the 

source and the point of compliance or shoreline weU, Using well LW-21S to represent the source zone, 

with the distance between.the source zone and, the point of comphance equal to about 440 ft, predicted 

DOS values ranged from 240 to 360 ft. Using well N to represent the source zone, with the distance 

between tiie source zone and the point of compliance equal to about 265 ft, predicted DOS values ranged 

from about,32 to 130 ft. The use of saturated aqueous concentrations for contaminants within the source 

zone at LW-2 IS versus measured groundwater concentrations at N is likely the reason why the predicted 

DOS values are greater for the case where the source zone is farthest from the point of compliance. 
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-A(JdilonafDescn îan-.;LW-<lX1Sass<3Ut(*zone 

llengUj-'feet 
Tfttie"(feiys 

• MaSs.-pounds 
..J?" ' „ ^ 

HyarogebrdgicJiataamiCiJntainWaiit Transport''fcalw 
- *-".'' .-~,r ' •' 'v, W&XtiTiUm '••' Average -'̂  Minimam 
; , HViJr.'ooiiductitfilyitUill ise^o 
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l^lj^ll||i^^^|iyy|i^;s|yyxy:;yi:;iipy^ 

RSgiSc! !c | | leC^S§n^ i i t im^ 

SKiSlxyiSSilsSsiBiyii^lS^ 
)* i i^S| |^ | | ip i^ame|| | iSp§Sf| i j | | |^ j^^ 
••si;i!?5 ;̂-r-v|;?i';;>?A:̂ ;]>v:'̂ ^^ :::• • y-Xw• yn^ i^ ;yy :> ; - yy-y:V-• :yvDfv-:::-:''-yy•:: •'.yB;-;.:]^^:;-,';-,-;-;,. - ,yvyypi iS- : ' :y . -y• ; ; ; • : •eAi i^ ' r io ' i i ia•^• : ' •^^ ,^^^^^ 

sllliiJiyiiiiiillf^S 
SiSiSiiiliiiSISlli® 

Miifiiiiyiixy 
^ ^ M y M 
yiSyxyy 

ii^i:yyB:i 

iSsaisyyyi 

ix:yyi:iiiyi:xx 

:ii:ii:yiycii|yyxy: 
iyiiyyiffiiOSyyBiyi 

iiyByiiSfeiyiiy:: 
:yiyyifii^xi:yi 

yiyyyBteiyyyi 
ixyyiyifiyyixx-
iyi::::x;^yyyyyy 

yiiB:.i:;i|ciy:y:x 
xyiBiyBSyixyy 

yiiiyiyyiiyN§:iyxiiB 

^yi-xiiiteiiyi 
y:yB::y:iiiisiy::yiix 

:yi::yy|iyyyy 

yyyyi j iyyix 

yxByyyygDxyi 

:y:x:ysiiSiiyiyy 
.i:yyis#iiii:i 

iiiy^yipsii 
.xy^yifsiy: 

yysgiiiiolspiy 
yyy^mgii^&y 

yyysm&^M^i 

iiyyitM/Seirociy 
yi::iG»/Bo2ii^;i 

SM^aS^^ii^ililyiiyii^Ssliiiliiilyii^ 

lf|if^|3i|5Jtj|2SfSyyiy|iSi^^ 
i3y|^^^|||p|S®l0yiyi@|||y:yy^ 
y0^s§^^i§^gfiy^«!Mi§yyyyS^^ 

iy||li»e§|SiffiilSSot|i^^^ 

SGHN00305208 



::WB^y:yyy^0M$l̂ ^^& 
'S^^^iyyy^§^i^ii^M^§^: 
:i|^wyiy:^|g|asggspS 

;3ii«aiSg8fpipsS»|««pyy:y:x,i^^ 

mmt̂ S^^^mmmmyymm^W^^^^^^^^^* 

yi i t i iB«i i»: :xy i f f iy :yy39«i»a!saBys^ 

ii wmmm^yMm^swsKywaMtmmmgmmmmmmm^mmmM 
^*«*»»!^ilBiailiitliilil!BilliiM!^^ 

SCHN00305209 



|J|HpMSfpiM^^;|iiy§Sj?fyyiS^^^ 
||^^||3ilc||iiSp^g^ji^||s||||p'||^ 

i^^ t^ |s | | |^ f t^ | | |yy | i | |yyyy i ix 

C^SanMMJfi^offlnS^l^^fn^rat^^ 

| |J|g3S^^^^^|cSi§fi i^^e^|| | i^§^ 
| i i iB i | | |®f t i | i3 i f j i i | i i :8^E^ 

xBen!̂ SSy::yyyyTBie:::iiyii:y:i:̂  
y'SMiyKSjSiffiSSSSSfoS^ 
5:Sy|ifg|iSgyi:iiSfiijSpi^^ 
ssSSiliiffl^isyyii^^feiiiiyi:^^ 

•••"''""*'" "'"'xgjiiTer^roMa^ 
^SSjilfAlfihltesyyiiyiilMiSfc^^^^ 

i iSBpir^ifilfaiSfiaSteJSSs^^ 

| iS|^^l§i||||r||| i]|yi:yi^i|^^^^ 
|iSBgil|feai^^fsj^^^iyi:yy|iS^yy 
fjiig|gs|^|p||ff^jBj^yyy:y^|j;yBiyiyi^ 

::..>'.^i-:) 

• jS<wfucrii(:i^Si|fflefe 
^frai3ion3p»Carijcinpjiw 

|;:;S;g*JBgy:yisg««a^ yiliiOflSgy: 

y^f^yyyssBMy^S^^^i^yyyy^^^-y 
iSiyiyiySSissS'iiiJw^^ 

SGHN00305210 



0 
22 5 
45 

3902 
28612 
7412 

419 
2780 
708 

107 
1 

139 

••yyyy^Mijy 

y-yyy§iyyy:y: 
yyyyymyyyy 

yyyyMMyyyy 
xxyxfl^:yyyyy 

yyyyyipsyyyyi 

912 
2 
BD 

ig^|§^ii^igiepd|yyyt3iS:iix^ 

s^|^|||5||i|gs^p&yiyiii|jyyy:yiiy 

:ttKl9iiS|jSISSPyS^^^iSS^SflliSftfift 

if i ixx||g|yyxyypBi|||yy^ 

y:yyyiiyyiSS:yyiiyyyyB|i^ 
••xB;y::yy:y^feni>:yy :-yy:B.y:y:xM&xyByx;.;.-..;:-y:y;rtr^^y.;;.^ 

aggiSgg|ggWeltifi|tiT^|gWi^^ 

lililliiigiaiBiiifjiyiiiy^ 
,..,.«.,.,.., .-,.-,......„„....„...5,-..^, ....v...-...-... - . . y y y ^ 

yfls:!;S3A:sB>six: 
-:i^i:::r^yy~:^-y^yJ~~::y-

jfrniSsSyji^yy 

atliiSf ||ii?^sg|jgey 

yyy??35y 

y:-y^;y 
ixiliBSi 

y^Mfk 

yipjyyyyiiiyyiyyiByyiyyyiyiyiylJsfyyyyyy^ 
IffiiMxyyyiiSiyifBisiiWiix^ 

yiiSSiiiis?§M|Sii|iSl!ii^ -

l lRP^ i l i j l i ^ j i i l iKB i^ i l sy iy - i i yx f l ^^ 

:!flSxftS|ii|syiii:|Bi42^y 
g^j^yi-iypSylssp: 
IwMiiiHiiByyiSyS^^ 

Mpi^fiSiM[ii|ticSt(ffi^S5«^^ 

ii^SBSi^Sl^^sSliiyl^^Kysiiii^sSispSiy^^ 

iyiiSiiiSiy'; 
fiswSiyxii 
iSisSSfsyiy 
•OJ^Sxiix-

yyiiiiiiiyiii: 
iyx i^^xBX 
iiyyayolMsiiiiiii, 

iyiy.iiii|ls|yx 
"xyisQyS76i|i:y:: 
iiiii:iiiffii7|yxy 

5yy|iiiiiiyy 
yyiJllSSIyiiii 

iiyyiSfSisyiiiy 

4 2453 
1 2758 
01061 

SGHND0305211 





S February 1, 2008 

Mr, Kenneth Thiesseh 
Gradient Oregon Department of Environmental Quality 
C O R P O R A T I O N Northwest Region 

2020 Southwest fourth Avenue, Suite 400 
Portland, OR 97201 

Subject: Schnitzcr/Prcimicr Edible Oils (PEO) Site - Selection of Locations for Monitoring 
Wells 

Dear Ken: 

On behalf of Schnitzer InvestmenI Corp. (SIC), Gradient Corporation is submitting this information 
regarding inslallaUon of inohiLoring wells at llie Premier Edible Oils (PEO) sile. In accordance willi 
the Work Plan for the current investigations (which was approved by tiie Oregon Department of 
Enyironniental Quality [DEQ] on November 14, 2007)\ the follo\ying, soil boring locations were 
identified for possible conipletion as monitoring wells: 

• Locations PB-6 and PB-8 (in the central portion of the PEO site) and 

• Locations PB-11, PB-12, and PB-13 (in the southem portion of the site)' 

As specified in the Work, Plan, a mohiioririg well would be completed at any of these locaiions 
where elevated presence of total petroleum hydrocarbon (TPH) compounds was observed; based on 
the results of field observations (iiicluding sheen testing and photoionization detector [PID] 
readings) and analytical data. Summaries of the field observations and analytical results for these 
five locations are attached lo this letter, together with copies of relevant figures froin the Work Plan. 
As discussed in Footnote 2 below* in accordance with modifications requested by- DEQ, soil boring: 
PB-11 was installed at a location between previous soil borings SiHL-21 and SHL-22 rather ihan at 
the localion shown in.the attached Figure 5. 

As shown in.tlie attached summaries, no evidence of residual TPH was observed at locations PB-6, 
PB-8j or PB-1,1, while some evidence of TPH was observed at locations PB-12 and PB-13. 
Therefore', fbllowing the procedures set out in the approved Work Plan, locations PB-12 and PB-13 
are selected foi: installatiori of monitoring wells. 

In light of the density of mpnitoring well locaiions along the soiithern border of the PF.O site, STC 
suggests a slight modification to thc approach identified following the Work Plan procedures, i.e., 
replacing one of the two locaiions idenitified for monitoring well installation (either PB-12 or PB-13) 
with a rilonitoring well at location PB-11. Although the procedures specified in the approved Wbrk 
Plan would not require installation of a monitoring well at location PB-11, SIC suggests this 

' The August -2, 2006, Work Plan for Additionai Characierization of the Premier Edilile'Oili (PEO) Propeity (prepared by 
Gradient on behalf of SIC), as uiodified iu au October 8, 2007 lelter prepai'cd by Gradient 
^ Witti tlie exception of location PB-ll, tiiese locations ar&sho^vn on Figures 5 and6'of,ilie'VVoTkPIan. As specified in the 
October 8, 2007 approved modifications to the Work iPlan, soil boring PB-l 1- was installed at a locjation'to the east of 
location l'Jj-13 (midway between prcviously installed soil borings SHL-21 and-SHL-2-2) based on field observations during 
in.stallation of .soil bor.ing,PB-13, 

L0201tlRi,monitorlngwelI in!tfillanon_202ril7 doc 

S'oil'e 803, 600 Stewarl Street, Seattle, VlfA 98101 • 1206) 267-2920 * fex: (206) 267-2921 • \H\N'VJ griadientcorp com 
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Mr. Kenneth'Thiessen 
February 1, 2008 

modification because quarteriy groundwater sampling at this clean ltx;ation will provide a more 
useful informaiion source Qian, may be provided by Uie oilier two locadpns, wliich sharie more 
similar conditions witii each otiier and with other previously installed monitoring wells in the near 
viciiiity. 

Installation of monitoring wells at the PEO site is currently scheduled to begin next Mondays 
February 4, 2008. 'Ihese efforts will begin with installation of the 4 monitoring wells included in 
the Work Han (MW-IS^ MW-19, iMiW-20, and iMW-21). To ensure timelyand efficient coinpletion 
of the well instMlatidti efforts at the site; we will need DEQ's concurrence with the proposed 
approach nip, later than Monday afternoon. 

Please contact me ifyou have any questions regarding the information presented in this letter. 

Sincerely, 

GRADIENT CORPORATION 

(2^&^-Sy< 
Catherine Petito Boyce, S.M. 
Principal Scientist 

cc: J. Brown/James C. iBrbwn & Associates 
D. Coberiey/URS 
J. Jakubiak/SIC 
M. Romerw/DEQ 
T. Zelenka/SIC 

L020ia8_inonitonDg wdl itistall^i5n_2020n.doc 
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Premier Edible Oils site 
Portland, Oregon 

PreJiminary Summary 
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Premier Edible Oils site 
Portland, Oregon 

Preliminary Summary 
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Premier Edible Oils site 

Portland, Oregon 

Preliminary Summary 
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Mr, Ken Thiess&i, 
April 15,2008 

discuss or impact the PEO site. Includes revig-w bf data collected during field 
sampling programs conducted by liie LWG and evaluation of implications pf dala 
for assessing conditions indie vicinity ofthe PEO site. 

Activities to be Conducted Next Quar te r 

The following activities are planned for tlie PEO site between April 1 and June 30,2008: 

• Continue with field inYestigalions described in Work Plan for additional site 
characterization. 

• Continue reviewing statements made regarding the PEO site and Contamination 
sources at the PEO site in documentation prepared by the LWG, Time Oil, and/or 
DEQ and, as necessary, providing written information correcting errors and 
mi.srepresentations iiicludedin .such documentation. 

• Continue efforts to address site issues identified by DEQ during the May .3, 2006 
site visit and prepare additional dociimentation of findings for subrnittal to fiTEQ. 

• Continue communications with DEQ regarding efforts af the; PEO site and Tirae 
Oil's Bell Terminal site^ including proposed coordinated saiiipling efforts on the 
PEO and Bell Tenninai siteŝ  As available, obtain additional informafion from 
DEQ regarding any efforts at Time Oil's site. 

• Continue reviewing data from the LWG .field sampling program as data become 
available. 

Issues to be Resolved/Recommended Actions 

As indicated in eich of tlie quarterly reports SIC has. prepared since August 2, 2006, SIC remains 
concerned with the longstanding issues associated with the incoiisistcnt, misleading^ and false 
statements that DEQ provides to the public and third parties in non-SIC-specific DEQ 
dbcurnentation discussing the PEO site, lii SIC's January 2008 quarterly report, SIC inlbrmed DEQ 
that SIC would consider DEQ's continued, misrepresentations in DEQ's Portland Harbor Milestone 
Reports alleging .STC's unwillingnes$ tn undertake source Control itivestigatinn activities at the PEO 
site - as wdl as misrepresentations regarding thc sources of thc residual petroleum contamination at 
die P E O site - as a knowing decision by DEQ to coiitinue to publish false information regarding SIC 
and the PEO site. These misrepresentations have persisted despite DEQ's assurances that it would 
correct the mischaracterizations in subsequent Milestone Reports. 

In particular, SIC remains concemed with the knowing inconsistencies between DEQ findings and 
conclusions presented in DEQ's June 28, 2007 "Official Response" to SIC regarding SlC's White 
Paper submittal̂  and conlaminant sources al llie PEO silC; and public sialeiiients DEQ continues lo 
make in other relevant documentation, which includes - but is not limited to - tiie Portland Harbor 
Milestone Reports. These conceriis include DEQ's kiiowiiig failure to bc consistent in reporting its 
"official" determinations regarding the PEO site investigation process and the residual petroleum 

' lames C. Bro'svn & Associates'.-2006, White Paper - Contaminant Sources at the I'lemier ibidible Oil Site HSCl #2013 
1 xicated Within the Portland Harbor Superfund .Site, iMarch fi. 

lQ_041SI)g_203017.doc 
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Mr. Ken Thiessen 
April 15, 2008 

In fact, SIC was unable to proceed with the source conlrol work because it was 
waiting for DEQ tp approve die Work Plan for mpre tiian two and one-half (2V2) 
years (and had been working with DEQ to define die nature of die necessary 
additional investigations for more than a year prior to submittal of the draft Work 
Plan). Under the terins of the 2001 VCP Agreement between DEQ and SIC, SIC 
agreed to investigate the PEO sile and respond to all of DEQ's comments and 
requests for site investigation work. However, the VCP Agreement also specifically 
precludes SIC firom undertaking any work at the PEO site until after DEQ has 
approved the work. In jts efforts at the PEO site, STC has ifiilly cooperated with 
DEQ in a timely way in investigating thc PEO site, once SIC ha.s received thc 
necessary approvals fi-om DEQ ofthe applicable Work Plan. 

In its Juiie'2007 Official Response, DEQ recognizes "the length oftime.it has taken 
lo. review and [sic] lliis submillal" and furtlier states, that "SlafQng resources were 
not available until recentiy to complete the review. Witii tiie PEQ site identified as 
a high priority side for source, control within Portland Harbor, DEQ is now taking 
the steps to assign the resources needed to moye the site forward." Four and one-
half (4'/2) months later, the Work Plan was tinally approved and tiie source cohtrbl 
investigatory work is proceeding. An unbiased review of the PEQ site 
administrative record clearly demonstrates that any delays that have occurred in 
completing the source control work at the PEO site arc attributable primarily tb 
DEQ's staffing limitations and riot to any hindrance or resistance by SIC. 

SIC looks forward to the PEO site being "dropped from this list of 'Issue 1' sites in the next 
Milestone Report," as indicaied on p. 10 of tiie January 2008 Milestone Report, As a resull, SIC 
anticipates that tiiis particular source of uiisleadihg inforrnation regarding the: PEO site will cease to 
be an issue in future Milestone Reports and tiiat SIC can discontinue presenting these factujQ 
corrections to the administrative record in these quarterly reports. 

Please contact mc if you have any questions regarding this report br any of the completed or 
proposed activities. 

Sincerely, 

GRADIENT CORPORATION 

( ^ ^ ^ ^ U ^ ~ l ^ . 

Catherine Petito Boyce,. S.M. 
T^hcipal Scientist 

cc: J. Brovwi/James C. Brown & Associates 
D. Coberiey/URS 
J. Jakubiak/SIC 
K. Johnson/DEQ 
M. Romero/DEQ 
T. Zelenka/SIC 

ltl_0lll 50S_aM017 doc 
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= ^ • • = ^ Mr. Keh-Thiesseii 
Gradient Oregon Department of Environmeiital Quality 

Northwest Region 
2020 Soutiiwest I'ourth Avenue, Suite 400 
Portiand, OR 97201 

C O R P O a A T l O H 

Subject: Schnitzcr/Prcmicr Edible Oils (PEG) Site (ECSI #2013) - Requested Information 
Regarding Field Investigation Schedule 

Dear Ken: 

On behalf of Schnitzer Investment Corp. (SIC), Gradient Corporation is submitting tiiis letter 
providing schedule information requested in ari April 23, 2008 telephone call lo Gradient by Mike 
Rbiiiero of tiie Oregon Department of Enviromnental Quality (DEQ). Specifically, iMike requested 
information regarding the field investigations conducted, at the Premier Edible Oils (PEO) Site 
during January and February of this year in accordance with the August 2, 2006 Work Plan for 
Additionat Characterization of the Premier Edible Oils (PEO) Property, as ameiided, which was 
approved by DEQ oh November 14,2007. 

As discussed with DEQ in previous communications and described in STC's April 15, 2008 
Quarterly Report, the January and Fcbiruary field efforts included instalhng 11 soil borings and 
7 monitoring wells, collecting soil iand groundwater samples, and completing the first round of the 
product thickness monitoring survey. Based on dpcu.ineritation prepared by SIC's field investigation 
subcontraictor (URS Corporation), the last day of field efforts in this phase of the site work was 
Friday. February 22, 2008, when several groimdwater samples were cbllected arid submitted, for 
laboratory arialysies. We are currentiy in the process of compiling and reviewing the documentation 
pf the January and February' work, and are evaluating die implications of Uieseyresulls as part of the 
source control evaluations for tiie site. 

As reflected in the approved Wbrk.Plan and tiie April 2008 Quarterly Reporl and as discussed with 
Mike in our recent call, the field investigation, efforts conducted in January and February are only 
one component, of the additional site characterization efforts identified in the approved Work Plan. 
Several additional field work coiiiponents that .are described in the Work Plan remain to be 
cbnipleted. Theste efforts - and the ainticipafed schedule for Completing these efforts - include the 
fpllowing: 

• Conducting ,3 additional quarteriy rounds of groundwater monitoring sampling at 
thc newly iastallcd wells (i.e., MW-18 through MW-24). Thc first round of 
groundwater sanipling was conducted in Fcbruiu '̂ 2008. The reinaining.3 rounds of 
sampling will be conducted at approiximately 3 month intervals Subsequent to the 
initial round (i.e., approximately May, August, and November 2008). 

• Collecting one round of groundwater samples and water level measurements from 
all wells on the PEO site, as part of coordinated sampling with Time Oil, The 
timing for this sampling depends on the outcome of discussions with Time Oil 
regarding cobrdirialed sanipling. SIC expects to scliedule tiie coordinated 

l_04̂ J0081W? scteUilfJOipi 7 4pi: 
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Mr. ifCen Thiessen 
April 30, 2008 

groundwater sampling to occur simultaneously with one of the scheduled quarterly 
sampling,events for QiC new wells at tiie PEO site. 

• Collecting a coordinated set of capillary fringe saniples (and product samples, if 
available), conducting fingerprinting analj'ses, and conducting otiier sampUng of 
Time Oil's Bell Terminal facility, as part of coordinated, samphng with Time Oil. 
Again, the tiiriing for this sampling depends on the outcome of discussions wilh 
Time Oil regiarding coordinated sampling. 

• Installing the remaining 5 soil borings located adjacent lo Time Oil's Bell 'i'erminal 
facility (soU boring PB-1 through PB-5). In bur January 11, 2008 letter lo Mike 
Romero regarding the anticipated schedule fpr upcoming field investigations at the 
PEO site, SIC noted that thc sampling of these borings had been deferred pending 
fiarther evaluation of issues related to Ume Oil prbperty access and tiiiiing for the 
coordinated sampUng with Time Oil. Hie coordinated sampling described in the 
approved Work Plan includes sampling of additional, locations on the Bell Terminal 
facility. Anticipating resistance from Time Oil regarding the proposed ad(Mtional 
soil borings identified for the coordinated sanqjUng, that are located ori the Bell 
Tenninal properly, SIC currentiy expects to move forward with die 5 rehiairiing 
borings on tiie PEO property (sbil borings PB-1 :thrbugh PB-5) in tiie near future 
(i.e., this sampling may be scheduled to coordinate with the quarterly groundwater 
nibnitorihg event to occur iri spring 2008). SIC will continue to work to arrange fof 
data collection from the additional soil, borings identified fbr the coordinated 
sampling on the Bell 'Terminal property and tp address timing for the coordinated 
sampling with Time Oil. 

• Conducting the supplemental sewer flow characterization. Dependirig pn the 
outcome of scheduling discussions with the investigation subcontractor, it is 
anticipated that this cbriipbnent of the field investigations will be ischeduled to 
cbordinate with the quarcerly groundwater morutoring event, to occur in spring 2008. 

• Cbn:q)letirig the second half of the product thickness monitoring survey. As 
specified in tiie Work Plan,, the: product thickness survey is to be imdertaken al two 
points diuing the year,, to c^ture seasonally low and high river stages. The initial 
component ofthe survey was imdertaken in February, while the second component 
of tiie survey is anticipated to be undertaken in the fall (i.e., October or November). 

Based ori the information presented above, it. is anticipatedthat tiie field investigations described, in 
the approved Work Pian will be completed inyapproximately November 2008. STC notes, hpwever, 
that the timing for completion of the coordinated sampling with Time Oil remains uncertain, 
pending the outcome of discussioas with Time Oil regarding the cobitdinated efforts. 

l_04'JtX)8_WP,sc3edule_a!2017,doc. 
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Mr, Ken Thiessen 
April 30,2008 

Please conlacl me (al 206-267-2920) or Jim Jakubiak (at 503-286-6976) if you have any questions 
regarding this letter or tiie PEO site investigation activities. 

Sincerely, 

GRADIENT CORPORAl'TON 

(2rî  ^^r^j 

Catiierine Petito Boyce, S.M. 
Principal Scientist 

cc: J. Brown/James C. Brown & Associates 
D. Coberiey/URS 
J. Jakubiak/SIC 
M.Romerp/DRQ 
T. Zelenka/SIC 
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m 
Davis Wright Tremaine LLP 
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August 28,2000 

VTA MESSENGER 

Michael E. Rosen, Manager 
Voluntary Cleanup and Portland Harbor 
DEQ Northwest Region 
2020 SW Fourth Ave., Suite 400 
Portland, OR 97201-4987 

Re: Schnitzer Investment Corp./Fonner Premier Edible Oils Site 

Dear Mike: 

As requested in Lyrme Perry's letter of August 23, we are providing the enclosed documents: 

• "Preliminary Environmental Site Assessment (Phase I) - Premier Edible Oils Refinery 
10400 North Burgard Way, Portland Oregon 97203," Hanson Engineers Incorporated; 
October 1996. 

"̂ "i "Environmental Site Assessment (Phase I) - Premier Edible Oils Refinery 10400 North 
Burgard Way, Portland Oregon 97203," Hanson Engineers Incorporated; October 1996. 

y» "Focused Site Characterization for 10400 N. Burgard Way - Summary Report", 
Bridgewater Group, Inc.; September 1998. 

y» Memorandum: Titled "Field Observations and File Review - Premier Edible Oils ", 
Bridgewater Group, Inc.; May 17,1999. 

<̂» "Assessment of Diesel-Impacted Soils ", Bridgewater Group, Inc.; May 17,1999. 

• "Site Preparation /Redevelopment Status Report", Schnitzer Investment Corp.; June 1, 
1999. 

F:\1\I2611\6\LTR\ROSEN-02 LTR.D0C 
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Michael E. Rosen, Manager 
Voluntary Cleanup and Portland Harbor 
August 28, 2000 
Page 2 

V* Memorandum: Tb Anton Pardini from Bill Cobb Titled " Field Observations of Trenching 
Activities - Premier Edible Oils ", Bridgewater Group, Inc.; August 25,1999. 

• Memorandum: To Rick Glick from Doug Smith, Titled "Analysis of Existing Data—Former 
Premier Edible Oils Site ", AGRA Earth & Environmental, Inc.; August 28, 2000. 

The August 28, 2000 AGRA memo is the only one ofthe listed documents that the other parties 
do not have, and so we provide them copies of only that memo v̂ dth this letter. Thanks again for 
coming to the settlement conference this Thursday. In the meantime, please call ifyou have 
questions. 

Very truly yours, 

Davis Wright Tremaine LLP 

Richard 

Enclosures 

RMG;nir/as 

cc: Lynne Perry, Esq. 
Daniel Skerritt, E s q . ^ 
Patricia Dost, Esq. 
Kazuichiro Hayashi, Esq. 

F:\1\12611\6\LTR\ROSEN-02 LTR.D0C 
Portland 
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#AGRA 
ENGINEERING GLOBAL SOLUTIONS 

AGRA Earth & Env i ronmenta l , Inc. 
7477 SW Tech Center Drive 
Portland. Oregon, 97223-8025 
Tel (503) 639-3400 
Fax (503)620-7892 
Web www.Bgra,com 

MEMORANDUM 

DATE: 8/28/00 

TO: Rick Glick, DWT 

FROM: Doug Smith 

SUBJECT: Analysis of Existing Data 

FILE NO.: 9-61M-1GG92 

The purpose of this memo Is to discuss the nature, extent and likely sources of key contaminants 
identified at the subject site, as well as a discussion of historical land use and the extent to which 
these uses may have affected the distribution of site contaminants. The opinions and conclusions 
drawn are based upon a review of all available sample test data extending back to November 1996, 
when AGRA performed the first known site-wide investigation, and upon a review of air photos and 
chain-of-title documentation dating back to the 1930s. 

Site History 

Aerial Photographic Review 

Aerial photographs were reviewed in an effort to identify the history of development at the site and 
the surrounding area. The photographs reviewed cover the years 1936,1944,1948,1951,1955, 
1959,1963,1970,1980,1982,1986,1990, and 1994. The aerial photographs were obtained from 
either Spencer Gross or the US Arniy Corps of Engineers. No photographs depicting the site prior 
to 1936 were available. A discussion of the photographs is presented below. 

1936: The 1936 aerial photograph (Figure 1a) shows the site as undeveloped. The photograph 
shows that much of the site was a backwater area in 1936, separated from the Willamette 
River by a sand levee. A wetland area which likely flooded seasonally is present behind 
the dike. The levee may have been formed naturally, or, more likely, as a result of dredge 
spoil placement on the site. In fact, an active dredge spoil placement operaticsn is visible 
in the photo. The elevation in this backwater area likely was as low as 5 to 10 feet above 
mean sea level (MSL). The elevation of the levee likely was approximately 30 feet above 
MSL. 

1944: In a 1944 aerial photograph (Figure lb), it is evident that significant fill has been placed 
across the entire site. One can only conclude that the pipe dredge operation visible in the 
1936 photo was continued until filling was completed. No record of other flll placement 
activities have been identified. Thus, the filling that occurred between 1936 and 1944 likely 
brought the elevation of the site to the grades that existed prior to construction of the 
Palmco Inc. facility (1972). Approximateiy 20 to 25 feet of fill, probably hydraulically placed 
dredge spoils, are present on the site. This is consistent with what has been described 
during drilling conducted at the site. 

http://www.Bgra,com
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The subject site and vicinity properties have been developed principally as the Oregon 
Shipyards facility. Figure 2 illustrates the recent Premier site features superimposed over 
the 1944 aerial photo. In the 1944 photo, materials such as propellers, crates and 
containers are stacked ali over the subject site, covering much of the recent northern tank 
farm area. A dozen or more sheds or small buildings are located along the northern margin 
of what will later become the Premier site. Several large buildings or other structure are 
located in the central area of the site, including above-ground storage tank farms and the 
central portion of the process building. Train tracks that have been absent for decades 
cross the site in an east-west direction. 

A large slip for ships has been dredged south of the PEO property. Just north of the slip, 
and east of what will later become the Premier property, a large rectangular building has 
been constructed. On the subject site, three large structures have been constructed. One 
of the structures (BLD#1) is a fonner paint storage building (NTL, 1988) used by Oregon 
Shipyards, it is rectangular in shape and approximateiy 12,000 square feet in size. A large 
concrete slab is located adjacent to and south of the former paint storage building. A 
railroad spur is evident along the southern edge of BLD#1. A second building (BLD#2) is 
located between BL0#1 and the eastem property boundary. It is square in shape and 
approximately 7,000 square feet in size. No evidence suggesting possible uses of this 
building are evident in the photo. The third building (BLD#3) is located north of BLD#1. 
BLD#3 appears to be composed ofa southern portion into which a railroad spur enters/and 
a northem portion which appears to be an approximately 13,500 square foot warehouse. 

The area surrounding the two southernmost building is relatively free of stored ship building 
materials or debris. The area within the boundaries of the subject site east and north of 
BLD#3 is occupied by several railroad spurs. Between the railroad spur, what presumably 
are ship building materials are stored in the open or in small covered sheds. 

1948: No change to site structures or the large warehouse east of the subject site area evident 
(Figure 1c). All of the ship building materials previously stored on the subject site have 
been removed. A dock structure extending out into the river has been constructed. 

1956: It appears that a building has been constructed atop the concrete slab south of BL0#1 
(Figure 1d). No changes to BLD#2 or BLD#3 are evident. Seven above-ground storage 
tanks (ASTs) are apparent east of the subject site, on property cun-ently owned by Time Oil. 
Lines visible on the photo may be pipelines connecting the seven ASTs east of the site to 
a tank farm north of the subject site. 

1961: No obvious on-site changes are apparent (Figure 1e). Activity on railroad spurs near 
BLD#1 and BLD#3 is apparent. Two additional large ASTs have been added to the tank 
farm east of the subject site. 

1966: It appears that the building constructed atop the concrete slab south of BLD#1 has been 
removed (Figure 1f). Some unidentifiable debris appears to be present north of BLD#3. 
OthenA/ise, the site and vicinity appear unchanged. 

1967: This subject site (Figure lg) in this photo appears unchanged, except for abundant 
unidentifiable debris surrounding BLD#3. 
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1972: In this photo (Figure 1 h), BLD #2 and BLD#3 have been removed. The debris surrounding 
BLD#3 in the previous photo is no longer visible. The Palmco, Inc. facility has been 
constructed at the site. The layout of the facility is consistent with 2^rosinski-Tatone 
Engineers General Plot Plan (Drawing 152D-A109-3) for the site. 

1977: t=ive additionai ASTs have been erected in the northeast comer of the subject site (Figure 
1 i). One large AST also was erected on the tank farm site iocated east of the subject site. 
Otherwise, the site and vicinity appear unchanged. 

1980: Two additional small ASTS have been erected north ofthe original tank farm located on the 
subject site (Figure 1j). Otherwise, the site and vicinity appear unchanged. 

1994: The subject site (Figure Ik) and vicinity appear unchanged. 

Historical Maps 

AGRA contracted with Environmental Data Resources, Inc. (EDR) fo conduct a search for historical 
Sanborn Fire Insurance maps. According to EDR, there is no map coverage for the subject site 
or vicinity. AGfRA did locate 1936 and 1944 maps from the Metsker Atlas. Unfortunately, these 
maps do not provide useful information about historical land use. 

Source, Nature and Extent of Contamination 

Edible Oils in Soil 

The Palmco and Premier operations consisted of receiving, refining, packaging and shipping edible 
tropical oils, such as palm and cottonseed oils/for use in the processed food Industry. 

Edible oils are relatively widespread, though spotty, in shallow soils throughout the northern half of 
the site, where most of the former above-ground storage tanks were located since the 1970s.-
Edible oiis also have been detected in shallow soils in the southern half of the site, where storage, 
handling and transport of oils were carried out for approximately 20 years. 

The dearest picture of the extent and magnitude of edible oils in site soils is presented in the 
September 1998 "Focused Site Characterization" report by Bridgewater Group, Inc. (BGI). The 
report presents test results for dozens of sampies analyzed for the presence of "oil & grease and 
heavy oil." AGRA agrees with interpretation of North Creek Analytical chemists (see page 4-1) who 
"attributed ... part of the heavy oil range hydrocarbons to edible oils." In fact, AGRA chemists 
believe it is likely that the vast majority if not all of the heavy oil range hydrocarbons identified in soil 
sampies reflects edible oils. No data or conclusion presented in the BGI report documents a heavy 
oil source other than edible oils. 

The BGI (1998) report summarizes the distribution of edible oils in soil samples in Figure-7. An 
examination of data compiled in Table 1 of the report indicates that for the most part, the 
concentrations of edible oils are highest in the 0-1 foot range where sampled, and then decrease 
by an order of magnitude or more in the 1-2 foot range. 
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It should be noted that the near-surface soii conditions at the subject site have been altered since 
the BGI investigation was carried out in 1998. During the most recent visit to the site by AGRA staff, 
in the Spring of 1999, it was observed that the ASTs and tank foundations had been demolished, 
and this had resulted in a strong alteration of the surface topography. This may be of particular 
importance since the highest concentrations of edible oils were identified in very shallow soiis, and 
following site demolition and regrading activities, this near-stirface profile may have been severely 
disturbed. 

Polvnuclear Aromatic Hydrocarbons in Groundwater and Soil 

Palmco/Premier installed a single, above-ground diesel tank located outside the processing plant, 
and connected to the plant by an overhead pipeline. Diesel was used solely as fuel for an 
emergency electrical generator. There has never been a reported spill or leak from the tank. 

Groundwater 

During the November 1996 investigation by AGRA, groundwater samples were collected from two 
Geoprobe boring locations and tested for polynuclear aromatic hydrocarbons (PAHs). One ofthe 
samples was collected from GP-C, which was determined in the field to be impacted by fuel 
hydrocarbons. Testing for PAHs in groundwater indicated the presence of napthalene at 310 ug/l, 
along with much lower concentrations (0.3-1.5 ug/l) of other non-cardnogenic PAHs including 
acenaphthene and phenanthrene. The second groundwater sample tested (GP-J) was collected 
from an area determined not to be impacted by fuel hydrocarbons. PAHs were not detected in GP-
J. PAHs were not tested in any of the soil samples collected during the November 1996 
investigation, and the general conclusion about GP-C was that it presented the typical profile of 
PAHs associated with fuel hydrocarbons. AGRA has found no evidence 6f an on-site source of fuel 
hydrocarbons detected in site groundwater. 

Soil 

PAHs have been analyzed at the site during several phases of investigation by BGI. In its 
September 1998 investigation; BGI documents the testing of 24 shallow soil samples at depths less 
than 24", two soil samples of intermediate depth (24-48") and two shoreline samples representing 
two relatively shallow depths from the same general iocation. Test results indicated the presence 
of carcinogenic and non-cardnogenic PAHs in most of the widely-scattered samples tested. The 
suite of PAHs identified in the two shoreline samples Is similar to that seen for most ofthe upland 
soil samples. 

Bridgewater also documents the testing of groundwater samples collected from more than a dozen 
locations at the site. Cardnogenic PAHs are identifed at less than 1 ug/l in several ofthe samples. 
However, it is significant that no carcinogenic PAHs were identified in samples collected from 
monitoring weils. Furthermore, BGI states on page 4-6 that "Given the extremely low solubility of 
carcinogenic PAHs, the detected PAHs are likely attached to soil particles that were present in the 
Geoprobe samples rather than actually dissolved in groundwater." 

Sampling and testing of PAHs is also discussed in two short reports, one prepared by BGI and 
dated May 17,1999, and the other prepared by Schnitzer Investment Corp. (SIC) staff and dated 
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June 1, 1999. The BGI report discussed the results of two soil samples (SS-1 and SS-2), 
respectively collected in the vicinity ofthe tank-farm loading terminal and beneath the concrete pad. 
The report states that there are "17-261 ug/kg of individual PAHs". The June 1, 1999 report 
documents the results of testing for four other shallow soil samples collected beneath demolished 
concrete pads. Test results Indicate cardnogenic and non-cardnogenic PAHs in all four sampies 
tested. PAH concentrations in one of the samples (HB4-2) are an order of magnitude higher than 
those in the other samples tested. 

The sampling and testing of shallow soil samples for PAHs also is documented in ah August 25, 
1999 report by BGI. The shallow soil samples (TR-1 through TR-5) were collected from a trench 
dug along the northern margin of the main process building. Results are similar to those of other 
soil samples collected about the site, and indude carcinogenic and non-carcinogenic PAHs ranging 
from ND to 3.98 mg/kg per analyte. 

Some additional sampling and testing of groundwater samples for PAHs is documented in Table 
3, attached to a March 28,2000 memo by Ater Wynn LLP, attorneys for SIC. The table indicates 
that Naphthalene was detected at 1,200 ug/l In a March 12,2000 sample collected from MW-5. 

In its September 1998 report, BGI suggests that there are several possible sources forthe PAHs 
detected in shallow soils (< 4 feet of depth). These indude coal tar, tack coat, heavy oils, asphaltic 
materials and materials related to past dust suppression measures. For deeper soils beneath the 
static water table, BGI suggests a petroleum source of PAH contamination. Bridgewater's August 
25,1999 report suggests that shallow PAHs are associated with diesel in soil. The August 26,1999 
Ater Wynn document states that "Bridgewater Group has concluded that the lil<ely source of the 
PAHs on the shoreline was the tack coat material applied in the tank farm area and that the PAHs 
were discharged with stormwater." 

AGRA believes that diesel and tack coat materials are not the source of widespread PAHs in site 
soils, nor are they the source of PAHs in river bank sediment samples. Figure 3 is a summary of 
the chemical composition of diesel fuel, borrowed from a State of California UST cleanup program 
guidance document. It shows that the cardnogenic PAHs common in virtually all shallow soil 
samples from the subject site, are not part of the chemical makeup of diesel fUel. Rather, 
naphthalene and methylnaphthalene are the PAHs expected to be assodated with diesel fuel. Soii 

' samples collected above the static water table by Bridgewater staff and tested for PAHs were found, 
for the most part, not to contain naphthalene or methylnaphthalene. 

Bridgewater also has suggested that the tack coat materials used beneath the above-ground edible 
oil tanks at the site, also are a source of PAHs in upland soil and river sediment samples. There 
are three niain reasons why it is highly unlikely that tack coat materials have contributed to 
widespread PAHs in soils or sediments. First, the tadk coat materials applied at the site occur 
beneath the above-ground tanks prior to the tanks' demolition during 1999. These tanks therefore 
served as barriers to water leaching through the tack coat materials. Second, soii samples with 
pyrogenic PAHs are widespread throughout the site, including in areas well away from tack coat 
materials. Finally, even if the tack coat materiais were not protected from infiltrating rainwater, as 
pointed out above, the potential for these materials to leach PAHs more than a few centimeters into 
the soil would be very iow. The possibility of stormwater transporting PAHs leached from tack coat 
materials and depositing them in river sediments is extremely unlikely. 
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AGRA believes that the most likely sources for PAH in upland soil and river sediment samples are 
coal tar used during wartime shipliuilding activities, and/or the emplacement of river-dredge spoils 
containing coal tar residues or other PAH-containing process waste residues throughout the site 
in the mid to late 1930s. It is also possible that site-wide regrading activities that were cam'ed out 
priorto Premier's commencing operations atthe site, also may have contributed to PAHs in shallow 
soils. The well documented history of fill emplacement, demolition/regrading and shipbuilding 
activities prior to Premier's time on the site is discussed in the Site History section of this memo. 

In order to explain its conclusions about the probable source of PAHs at the site, AGRA has 
prepared a series of eight diagrams that illustrate the chemical species and concentrations of PAHs 
detected in specific samples. These are presented as Figures 4a-g. 

Figure 4a illustrates the PAH characteristics of a sediment sampie collected from the Willamette 
River near Linnton. These results are similar to other sediment sample results for the Willamette 
River that AGRA has had the opportunity to review. It contains elevated concentrations of 
carcinogenic PAHs, plus fluoranthene, phenanthrene and pyrene. This figure can be compared to 
figures 4b and 4c, which illustrate the characteristics of SS-75 (0-1') and SS-75 (1-2'), collected 
adjacent to the Premier site. These results show PAH constituents and an overall character that 
are virtually identical. The limited sampling and testing carried out by BGI adjacent to the Premier 
site appears to show results similar to those elsewhere throughout the Willamette River. 

Figure4d illustrates the PAH constituents for a sample (SS-93 0-1') collected near the concrete pad, 
south of the warehouse. The results are not dissimilar to those of the sediment samples collected 
from the Willamette River; elevated concentrations of pyrogenic PAHs occur alongside fluoranthene, 
pyrene and phenanthrene. This sample was colleded approximately 200 feet from the closest AST. 
Figures 4e and 4f Illustrate results for two trench samples (TR-01-1.5 and TR-02-1.5). BGI has 
suggested that samples with elevated PAHs are associated with diesel in the trench area north of 
the process building. Yet, the PAH profile of these samples is similar to those seen in river 
sediments and SS-93, near the concrete pad. The final figure (4g) illustrates results for a sample 
collected in the northern tank farm area. Once again, the constituents include carcinogenic and • 
noncarcinogenic PAHs in similar percentages to those seen in other site and river sediment 
samples. 

AGRA has mentioned past shipbuilding adivities at the site. Coal tar was used widely in ship 
building, and BGI has indicated that there formeriy was a Coke storage bin at the site. Coke is used 
to make coal tar. During the 1940s, coal tar was used widely for corrosion protection during ship 
construction. The possible production and use ofthis fluid at the site, along with the emplacement 
of river-dredge sediments, would appear to be a much more likely explanation forwidespread PAHs 
in shallow soil, rather than diesel or tack coat materials used by Premier. It should also be noted 
that diesel was used as a cutting agent for coal tar, and the scattered occurrence of diesel in 
shallow site soils may in part or whole, predate Premier's time at the site. 

Nickel in Groundwater 

Both AGRA and BGI have detected the presence of nickel in groundwater at the site. AGRA 
detected concentrations ranging from 27 to 68 ug/l. BGI identified concentrations ranging from 15 
to 233 ug/l. BGI has implied (though not stated cleariy) that these detections in groundwater are 
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the result of nickel's use as a catalyst. AGRA has concluded that there is no evidence that the 
concentrations of nickel reflect a release. Nickel is a naturally occurring element in soil. It is 
generally insoluble in groundwater and its detection is often a result ofthe presence of suspended 
sediment. The fact that detectable nickel has been detected in unfiltered samples at widely 
scattered locations, in concentrations that are more or less within the same order of magnitude, 
suggests that the nickel is not related to a chemical release. 

TCE in Soil and Groundwater South of Maintenance Shop 

There is good evidence that a minor on-site release of TCE has taken place. Results of sampling 
and testing by BGI Group indicate 13.7 mg/kg in a single soil sample and 13.5 ug/l in a single 
groundwater sample. TCE has not been detected elsewhere on the site, suggesting no evidence 
of a large, widespread problem. AGRA estimates a modest level of effort would be required to 
delineate the TCE in soil and groundwater, monitor its presence in up to three wells for one year, 
perform a RBCA analysis, have the file reviewed and approved by the DEQ for "no further action", 
and to abandon the three monitoring wells. 

Fuel Hydrocarbons in Soil and Groundwater 

Well-documented releases of fuel hydrocarbons (weathered gasoline and diesei) have been 
detected in soil and groundwater samples collected from the central area of the property, mainly 
north of the Process Building. The extent and nature of these releases are discussed in AGRA's 
1996 report, as well as BGI's September 1998 report. One other small, isolated area of fuel 
hydrocarbon contamination was identified by BGI (September 1998) in the southern area ofthe site, 
near the western area of the Warehouse Building. All other fuel hydrocarbon releases at the site 
appear to be surficial or very limited in extent. It is important to note that no fuel hydrocarbons have 
been detected in soil at intermediate depths anywhere on the property, nor has a release been 
documented at the site of the only fuel storage tank at the site. Soils are impacted either near 
ground surface or beneath the surface ofthe water table. Forthe most part, impacts to groundwater 
are characterized by heavily weathered dissolved-phase gasoiine or diesel, with no detection or 
very low concentrations of benzene. Based upon AGRA's review of all available data, there is no 
evidence of a significant fuel hydrocarbon release at the site that has resulted in impacts to 
groundwater, nor is there any evidence of an off-site release that would require on-site remedial 
actions. It Is AGRA's opinion that issues related to past fuel hydrocarbon releases identified at the 
subject site likely would be resolved through risk-based con-ective action. 
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APPENDIX J 

CHEMICAL COMPOSITION OF DIESEL FUEL 
Figure 3 

Compound 
Number of 
garfrons 

concentration 
(Weight/ 
Psrggni) R8fBr§ncg 

t r a j q u t Sh&ln hXhixusLi 

i-Nonan« 
i-Dec«ne 
i-Und«oan« 
i-Dodaoor>« 
i>Trld«carie 
i-Tetr&dacan* 
i-Pent«decane 
i-Kaxadacane 
\-Heptadecane 
i>Octad'ecane 
i-Nonadecan« 
^-£ieosan« 
-i-Heneioosana 
T-Docosane 

3ranchBd AlKansa 
2-Methylheptad«can« 
2 ,6 , lO ,14-Te t ra jn« thy l -

' pentadacanc 
2, 6 ,10 ,14-Te t ran i« thy l -

P9ntad«can« 

hlYiyX BenzenBi 
Benzena 
Toluans 
o-Xyl«n« 
m<*Xyl«n« 
2-Ethyl to luen« 
3-EthyltoXuen« 
4-Ethyl to lu«n« 
l sopropylbenz tn« 
1, ZrS-Trlntathylbsnzene 
11 2 , 4 - T r i n a t h y l b t n z a n s 
1,3,5-Trijnethylb«n8«n« 
1,2,3,5-Tetram9thyiber>zene 
1,2 ,4 ,5-Tetram«thyIbenzone 
Ptintamathylbensent 
Biphsnyl 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

18 

19 

20 

6 
7 
6 
8 
9 
9 
9 
9 
9 
9 
9 

10 
10 
11 
12 

0.5 
0,98 
0.96 
111 
l a 
I'i.O 
1.2 
1.2 
0 . 6 2 
0 . 5 3 
0 , 2 3 

• 
< 

Q . l 
- 2 
- 9 
" 11 
- 10 
- 9 
- 7 
- 6 
- 6 
- 5 
- 4 
- 3 

1 
' 0 .2 

6,7 
1 , 2 , 6 , 7 
l , 2 . 6 | 7 
1 ,2*6 ,7 
1 , 2 , 6 , 7 
1 , 2 , 6 , 7 
1 , 2 , 6 , 7 
1 , 2 , 6 , 7 
1 , 2 , 6 , 7 
1 , 2 , 6 , 7 
1 , 2 , 6 , 7 
1 , 2 , 6 , 7 

1 , 2 , 7 
1 ,2 ,7 

7 

1 

1 
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Cvinpgyn,̂  
Number of 
gflfbgng,. 

Concen t ra t ion 
(Weight/ 
pgrggnt) (ft), 

Figure 3 Continued 

.Rgfgrenca 

P g l . y n U g l s a r A r o m a t i c Hvdroearb9n.q 

Naphthalene(d) 
Methylnaphthalene 
2,3,5-Triinethylnaphtalene 
Fluorene 
Phenanthrene 
Anthracene 
Pyrene 
Benz(a)pyrene 
Benzo(b)flouranthene 
Benzo(g,h,i)perylene 

Slemsn^a 

Barium 
CadiTiium 
calcium 
Chromium -
Cobalt 
Copper 
Lead . 
Molybdenum 
Nickel 
Selenium 
Vanadium 
Zinc 

10 

20 
20 
21 

0,13 6,7 
0.57 - 0.91 6,7 

7 
7 
4 
4 
4 

0.07 ug/)<g 4,8 
4 
4 

0,007 - 0,7 ug/g • 3 
0,001 - 0,07 ug/g 3 
,0,1 ug/ml 6 
0,01 - 0.7 ug/g 3 
0.007 - 0.1 ug/g 3 
0,01 - 0.3 ug/g 3 
O.l ug/ml • 6 
<0,00l - 0,07 ug/g 3 
0,007 - 0,1 ug/g 3 
0.001 - 0.03 3 
0,0007 - 0,003 ug/g 3 
0,01 - 3 ug/g S 

a, 

b. 

c. 

d. 

Conversion from other units Cor gasoline assumed 0.75 
specific gravity, 
ASTM specification, max., unleaded gasoline, 0.013 g/l 
max., conventional grade gasoline, l.i g/l, Title 13, CAC, 
Section 2253.2, max., leaded gasoline other than leaded 
high octane gasoline, 0.8 g/gal max,, leaded high octane 
gasoline, 1,0 g/gal. Federal st^indards, January I, 1986, 
max,, 0.1 g/giai. 
ASTM max,, unleaded gasoline, 0.10 weight percent conventional 
grade gasoline, 0.15 weight percent, Title 13, CAC, Seotion 
2252, max. 300 ppm by weight. 
Compounds for which AALs have been or are being developedt 
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^̂ ^ ô̂^ ^ t/" , / / y <̂̂  /^ J 
# ^ < / < / \<^" 

K ^ 

/ . . / / 

/ 
..r 

O^ 

CO 
CO 
l O 

o 
CO o o z 
X 
o 
CO 



E 
Q . 

c 
o 

c 

s 
c 
o 
o 

Figure 4e 

9?' 

00 
CD 
CO 
IO 

o 
CO o o 
z 
X 
CJ 
CO 

9>̂  NO" <r 



E 
Q . a. 
c 
o 

c 
u 
c 
o 
O 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

TR-02-1.5 

T r e n c h 

m 
It̂ A 

m a 
h^ 

/ • ^ J> ^ ^ ^ ^ ,T? ,J?^ 

Figure 4f 

s<^/////////y -v/ 
9?̂  ^ ^" y ^ ^ 

# . / 
^ 

CT) 
CO 
CO 
IO 
O 
CO o o z 
X 
o 
CO 

N^^ ^ ^ ' 



E 
Q . 
a. 
c 
o 

E 
^* 
c 
V 
u c o u 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

m 

tn -

'fu. 

HB-2-2 1-2' 

Northern Tank Farm 

if. 

'It. 
• • ^ ^ ^ • L 

m 
^ 

Figure 4g 

s> . ^ . . ^ & ^ 

<& . # 

i x j ^ ^ .-<>' ; # O'JT ^ ^ >̂«y' .^** , 
^ <?r ^<§s^ ^a^-- ^ ^ 

< / - < / " < / ' 
. ^ ' . / 

A ^ . J S ^ ^ W 

O 

CO 
IO 

o 
CO o o z 
X 
o 
CO 



SCHN00305376 



SCHN00305377 



SCHN00305378 



SCHN00305379 



SCHN00305380 



1 fttb 

SCHN00305381 



t i l t 

SCHN00305382 



SCHN00305383 



SCHN00305384 



SCHN00305385 



SCHN00305386 



SCHN00305387 



SCHN00305388 



SCHN00305389 



SCHN00305390 



SCHN00305392 



SCHN00305393 



SCHN00305395 



SCHN00305396 




